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OBJECTIVE

To develop installation processes and procedures for the incorporation of fiber optic
interconnect systems aboard mili tary aircraft .

RESULTS

I .  Two fiber optic interconnects were designed for installation on the E-3A air-
craft . The first was a 7-connector audio cable located in the upper bay. This harness utilizes
singl e f iber , fiber bundle , and conventional wire cable and requires 56 terminations. The
secon d cab le , desig n a ted t he “stand-alone l ink ,” is a 4-conductor , 2-section cable routed
from the lower bay, over the wing stub , out through a pressure seal into the wheel well area ,
and onto the left landing gear main strut.

2. Components for both cables were selected and are in final pricing by vendors.
3. Fabrication and installation plans and procedures were developed and written

to provide the necessary technology to accomplish these tasks during the second phase of
the program.

4. Engineering drawings were prepared to support all design , fabrication , and
instal lat ion activities.

5. A routing anal ysis was developed to provide a basis for future applications of
fiber optics in military aircraft .

6. A I if ~-cyc le cost analysis of the optical cable was completed. It is apparent that
weight and size reductions of fiber optics offe r economic advantages. It is possible to in-
crease the E-3A sortie time by 2.5 percent , which can be equated to a reduction of fleet
size b y I .5 aircraft . The reliability of fiber optic interconnect systems appears to be equiva-
lent to wire interconnect systems. It appears easier to install , remove and/or replace optical
fibers. Optical fiber interconnect systems arc also simpler to test. Spares , repair parts ,
materials , and special support/test equipment add to initial costs , as does almost any new
technology, but  the impact is minor. With simpler equipment and techniques there may
be a long-term savings potential .  Overall costs and benefits of fiber optics appear to surpass
the k-3A wire interconnect configurations.
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INTRODUCTION

The objective of this work is to establish manufactur ing methods in industry to assure
the ability to install , on a produc ti on bas is, fiber optic interconnect systems aboard mi l i ta ry
aircra ft . This report contains the information gained throug h the first phase of a four-phase
contract (N 00I23 -7 8-( -0l93) wi th  Boeing Aerospace Corporation , Seatt l e , Washington.

BACKGROUND

It has been demonstr at e~l in the A-7 Airborne Light Optical Fiber Technology
(ALOFT ) program that  fiber optics can he successfully used on mil i tary  aircra ft . The many
ad van tages o f a m ult i p le x ed , fiber optic data interface such as immun i ty  to EMI (electro-
magnetic interference), EMP (electromagnetic pulse), and lig htning strikes; reduced systems
wei ght; and reduced complexity in external harnesses and connectors , result ing in improved
reliabil i ty and maintainabi l i ty  have also been demonstrated. Before fiber optics can be
used on a production aircraft , installation practices and procedures must be established for
high volume , l ow cost , fiber optic interconnects. By the development or improvement of
i nstallation processes . techniques , and equipment  by the contractor (Boeing Aerospace ),
this  work is intended to develop an industry source for the t imely,  reliable , and economical
assembly of the required fiber optic interconnects.

SCOPE

As fiber optics has progressed from research and development to feasibili ty demon-
strations , it has become apparent that planning for high volume production of fiber optic
components is necessary . Questions of production compatibility, app licabil i ty,  an d cost
are addressed under this contract in order to identify and correct problems associated with
the installation of fiber optics aboard mili tary aircraft . Two m ajor requirements have been
undertaken in this contract: ( I )  the fabrication and installation of fiber optic harnesses ;
and (2)  the fabrication and installation of “stand-alone links. ” Present electrical harnesses
conduct both electrical signa l and power. Fiber optic harnesses developed under this
contract shall conduct optical signals and electrical power and shall be a one-for-one replace-
ment  of the electrical harness counterpart.  The stand-alone l ink accounts for retrofit appli-
cations for which no fiber optic harness is requ ired - just stand-alone links.  Associated
with the two major requirements is the developmen t of assembly methods and installation
specifications f or  the incorporation of the harnesses and stand-alone links aboard a Boeing
military-type surveillance aircraft . The assembly methods installation specifications , as well
as the identif ication of routing techniques , support test equipment , field repair techni q u es
and procedures , and a detailed cost analysis between the fiber optic cost and the original
wire interconnect cost will be veri fied on a full-scale production mock-up.
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I
DELIVERABLES

The Phase I deliverables are :

• Preliminary Harness Design
Preliminary Stand-Alone Link Design

• Fabrication and Installation Procedures
Fiber Optics Rack Integration Harness , and Stand-Alone Link

• Preliminary Instal la t ion Procedure (I la mne ss and Link)
• Routing Techni q u es

• Preliminary (‘ost Analysis Report

SUMMARY OF TECHN ICAL WORK

The following Technical Summary is a digest of the more in-depth work conducted
by the contractor dur ing  Phase I.

COM PONENT SELECTION

Major components selected for the Phase I Link Designs (stand-alone l ink  and
harness) include four 4-terminal connectors and the fiber optics cable for the l in k  and seven
(three 20-terminal and four 4-terminal) connectors plus fiber bundle cable , single—fiber cable ,
and conventional wire for the harness. Relatively minor items , including outer braid , tie
materials , clamps , etc., are commonly shop stock and will be selected as required on the
program.

As indicated in appendix A , Harness /Link Designs , the connectors for the program
have been chosen from thre e different vendors so that a broad base of connector types may
be evaluated as to cost , availability,  termination ease , suitability for manufacturing and
assembly processes , optical properties , and environmental capability. The connector chosen
for the stand-alone l ink is the Amph eno l 4-terminal uni t  which is compatible with the heavy-
duty fiber optics 46-mi) bundle cable requested by the contractor for this application. The
connectors chosen for the harness include thre e 20-terminal Hughes C-2 1 rectangular jack-
screw units capable of mating single-fiber , 46-mi) fiber bundle (medium duty )  and conven-
tional wire . The four 4-terminal connectors for the harness will be ITT Cannon MIL-C-
83723(PV) type , of which three will be suitable for fiber bundle use and one suitable for
single_fiber applications. All connectors for both l inks will be supplied with suitable inserts
and backshe lls. All connector assembly will be done at Boeing using standard polishing and
terminat ing equipment plu s special crimping and assembly tools peculiar to each of the
connectors and cables. All connectors chosen will meet the contract requirements for
aircra ft environments.

The cables chosen for the links will be of four types : single fiber , heavy-duty fiber
bundle , medium -duty fiber bundle , and standard 22-gauge twisted pair. The heavy -duty
and medium-duty 46-mil fiber hund k ’ cable was quote d by three manufacturers and will
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be purchased from one of the three (Galileo , Times , or Valtec ) based upon final pricing
during the next  phase of the contract. The single-fiber cable chosen (to be used in the
harness) will  he of the large core type ( 8— 10 mil core diameter) and will be Galileo typ e
3000 LC. This particular cable provides much better optical properties with respect to
coupling losses and can be terminated with reasonable ease using any of’ the connector types
chosen for the contract.  The conventional wire will be drawn from stock and was therefore
not put  out for bid.

SELECTION OF MILITARY TYPE AIRCRAFT AND
CONVENTIONAL HARNESS

A contractura l requirement was the select ion of a suitable airframe or mock-up for
the fiber optic interconnect installation. The airframe or mock-up was to be limited to:

a. high perfo rmance fighter type aircra ft ,
b. military surveillance aircraft , or
c. other aircraft which must  perform in the mili tary environment.

For this program , the aircraft selected was the E-3A , for which a full-scale , Class I I I
mock-up is available.

A complex communication system cable harness was selected from the E-3A to he
the conventiona l harness th at  will he replaced by the fiber optic interconnect system.
Details of the harness are given in appendix A.

PRELIMINARY INSTALLA TION PLAN

The instal lat ion plan developed for use in this program is based upon the hamness /
link designs discussed in appendix A and upon the detailed installati on procedure to provide
specific information on each of the steps involved in the assembly and installation process.
This installation plan is described in appendix B . The installation plan details the r outing of
the cable through each of the sections of the airplane and is supported by production
illustration (P.!.) drawings which illustrate all support points for each of the cables , plus
information on the pressure hull penetration , and the conduit necessary for protection from
the landing gear environment (in the case of the stand-alone link).  Installation methods are
based primarily upon present methods used for conventional cable utilizing special handling
procedures developed for small diameter coax cable and modified for the fiber optics cable.

Particular problems expected during installation include:

a. Adequate protection of terminati ons during the pull.
h. Protection against shock.
c. Protection against strain.
d. Observance of min imum bend radius criteria.

5
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Problems expected during the harness assembly operation include:

a. Proper termination and polishing.
b. Second end assembly (should this be done at the form board or back at the

primary polishing /termination s t a t i on? )
c. Protection of t e rmina t ions  d ur ing the assembl y seq uence .
d. l) evelopment of lower cost marking and identif icat ion methods compatible

with the Te fzel cable covering.

A generalized installation plan is given in appendix C.

FIBER OPTICS HARNESS /LINK I)ESIGNS

The two fiber optic interconnects are the stand-alone link and the seven-connector
communications harness. The harness desi gn is based upon the E-3A W 1870 harness as
discussed in the Boeing proposal. This harness originally contained 114 termin at ions  of wires ,
jumpers , shields , and grounds which was reduced to 56 terminat ions of fiber optics cables ,
wires , and grounds in the fiber-optics / conventional-wire hybrid version , while sti l l  meeting
the E M I and TEMPEST requirements of the original harness. The connectors and cables
chosen for this harness and the l ink are as described in the component selectio !1 section and
appendix A. The l ink desi gn was based upon discussions held with the contractor a-~d the
contrac tua l  requirements of a point-to-point digi tal  data l ink  for  an add-on system conta in ing
four fiber bundle cables of the heavy duty  type. The routing of this  cable was int ention-
ally chosen to include passage through a pressure seal , a mi dpoi n t disco nn ect , an d ex posure
to the environmental extremes (such as weather , flying rocks , and hydraulic f luid )  found
in the landing gear area. This routing will demand that the routing procedures and the cable
construction and protection (condui t )  include not just  the min im um needed to install  a
cable hut  provision for a full measure of procedures designed to provide max imu m fiber
optics cable ut i l iza t ion .  It is believed tha t  this  goal has been met.

ROUTING TECHNIQUES

An analysis of the routing techniq ues for fiber optic interconnects was made using
the routing criteria of conventional wire as a starting point. An assessment was made of
hazardous / sensitive areas on the aircraft and the abili ty of fiber optics to be routed through
these areas. Coupled with this analysis are the environmental  constraints placed on the
fiber optic system (per MIL-E-5400P requirements) and the abil i ty of the fiber optic corn-
ponents to withstand this environment.

It was determined that , with proper attention to the cladding material , fiber optics
can be routed through any hazardous or sensitive area within a mili tary-type airframe. h ow-
ever , some areas exist which will proh ib it  either the detection or sourcing of fiber optic
information. This is due to current l imitation on the lif i~tim e of sources/detectors as a
function of temperature . Similarly,  sources/detectors , and to some degree fibers themselves ,
are sensitive to radiation effects , although to varying degrees. Technology trends , however ,

.1
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show a gradual improvement in component parameters by which it will become feasible ( in
the mid-1980’s) to route fiber optics into , out of , and through all areas of the aircraft .

A detailed discussion of routing techniques is given in appendix D.

COST ANALYSIS

Acquisition cost estimates by models and by analysis of processes and techniques re-
flect potential cost savings for fiber optic interconnect systems as compared to wire harnesses.
Since most models rely upon historical data and “conventional methods of business ,” it is
implied that savings are realizable with technology maturity and with methods and tech-
niques commonly employed.

Many options exist for production set-up and related costs. The most desirable
option will depend on many factors such as levels of business forecasts , advancement of
the technology, demands on existing harness/cable production equipment and facilities ,
facility space available for expansion or relocation , economic posture of the company, et c.

The potential for cost improvement in the manufacturing / fabrication process is
promising. The development of automated equipment and expedient techniques is needed
to exploit this potential; however ,

a. cost elements related to operations and support aspects appear to have off-
setting e ffects.

b. cost savings are realized through weight and size advantages , while losses occur
through added inventories , training, and special equipment requirements.

c. reliability considerations have a similar neutralizing e ffect.

A detailed preliminary cost analysis is given in appendix E.
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APPENDIX A
PRELIMINARY HARNESS DESI GN

SCOPE

This report describes the prelimi nary des i gn of the fiber optic harness
configurations , the Stand Alone Link , and the more comp lex interconnec t
harness. The stand alone link is a straight point -to-point design for use
on add-on systems, retrofi t applica ti ons , or as a substitute for a broken
bundle wi thin a complex harness. The interconnect harness design is the
selec ted fiber optic configuration which will be a one-for-one replacement
(physically) of a conventional wiring harness. This report details the
preliminary design criteria , construct ion , and routing paths for these
harness types.

STAND ALONE LINK PRELIMINARY DESIGN

The design criteria used for the Stand Alone Link were the requirements
specified in the RFQ plus additional info rmation gained from discussions
wi th NOSC. The basic concept was to design the “L ink TM as if it were to be
used in the retrofit of an existir.g aircraft and as such would be an add—on
to existing cables and harnesses already in the airplane. The cabl e to be
used for this Link was that specified in figure A-I . This cable , currently
sourced by several manufacturers , consists of a 46-mu bundle of about 200
relatively hi gh loss (approximately 400 dB/km) fibers . This bundle is
sheathed in an inner Tefzel jacket which is in turn contained in a braid of

Keviar used as the strength member. The outer jacket consists of another
tube of Tefzel . The total O.D. of the cable is 150 mils. This cable is
quite sturdy arid is capable of withstanding the internal environment of the
E-3A airplane (except engine areas) without additional coverings . To pro-
vi de as much information as possible relating to routing problems caused by

different airplane enviro’ ments , it was decided to route the link from an

area inside the pressure hull to an outside area near the landing gear. This
l ink then would have to be broken into two sections to allow ease of instal-

lat ion. It would have to pass through a pressure seal to get to the gear

area and in the gear area it can be exposed to flying rocks , high velocity
air flow wi th buffeting , effects of hydraul ic fluid and other adverse environ-

merits. These additional stresses would demand that the link design , fabrica-

tion and routing provide a most complete set of safeguards for the system.



Link Routi ng

The actua l path of the link through the aircraft is shown in figure A-i and
is detailed in the production illustration drawings delivered as a part of

the Phase I. The link has to be designed in two sections , des ig na ted as
“ca b le bundle , gear func tion transmi tter , gear to disconnect assembly of”
and “cable bundle , gear function transmi tter, left hand El-? to wing body

d isconnec t, assem b ly of” with drawing numbers 180-59002 and 180-59003

respectively. The first section of 180-59002 is generally designated on

the drawings as FO-0002 and the second section FO-0003.

The firs t section starts at a box mounted on the l ower part of the left

gear main strut and in this extreme environment is routed through metal-

lalic conduit until it is in the wing fillet area . Here the (,.~ le protec-
tion changes to a woven braid which is continued through the fillet up

in to the wheel well and the pressure seal. At the pressure seal the cable

is enclosed by a seal fitting and packing. Once inside the seal area no

further protective covers are required . This section of the link is then

termina ted in a bulkhead receptacle. The second and final section of the

link plugs to the previous bulkhead receptacle end , con tinues unjacketed

over the w i ng s par , down into the l ower bay of the plane , being rriuted in

the ceiling of the bay , all the way forward until it is routed down the

si dewall to the El rack where its plug mates with the El rack receptacle.

Link Construction

The details of the link construction are illustrated in the manufacturing

plans in which are located the “plug maps ,” wire lists , and connector

designa tions. In the case of the link the four 4—pin connectors chosen

(3 pl ugs and one receptacle) were those manufactured by Amphenol and

designated 801-104-5005 and 801-105-5004 for the plugs and receptacle ,

respectively. The cable type for the 4 cables on the link is that

discussed under design cri teria.
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The conductor , outer braid , ties , and clam ps used to fabricate and sup port
the link in the installation are called out in fiber optics process specifi-

cations . These process specifications are basically standard wi re process

specifications that have been modified to be compatible wi th fiber optics

technology .

FIBER OPTICS INTERCONNECT HARNESS

Desi gn criteria 
-

The choice for the interconnec t harness is that originally discusse d in the
proposal and is designated as the E3A “Cable Bundle B169, B17l flight deck
audio panels to Ell (ABS), Assembly of” . This cable number of the E3-A

conventional cabl e is W1870. The hybrid fiber optics counterpart is

numbered F0-0001 and its drawing number is 180-59001.

This particular cable was selected because of its typical complexity in

design and installation. The cable has point-to-point interconnections

of each of the followin g types:

twiste d pair , dig ita l data 6
twisted pair , audio 12
sin gle wire , condi tion/no condition
info 4

grounds or shields 18

jumpered wires 12

power leads 3

The present cable is physically configured as shown in figures A-2 and A—3

and is made up using the material detailed in Table A-i . Some of the pertinent
design criteria are : -

The audio circuits have TEMPEST secure requirements .

The interrogation data , 1OVDC , and subscriber station data-5VDC

circuits are di gital and require shielding from the audio circuits .

The external jumpering of 4 pins is required to elimi nate 400-Hz hum

which is caused by magnetic coupling in the connector.

The series of jumpers to ground in D4704P is to provide a ground plane

ground plane separation between the audio and digital circuits through

the connector.
12
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PART NUMBER DESCR IPTION QTY

MS 27467T23B53P PLUG - ELECTRICAL 1

MS 27467T15B35SA PLUG — ELECTRICAL 2

MS 27467T11B35S PLUG - ELECTR ICAL 4

MS 27506B15- l ADAPTER 1

MS 27506B23-l ADAPTER 1

M81381/12-22-N WIRE - SINGLE CONDUCTOR 58 Feet

M27500-22-MY2UOO WIRE - TWISTED PAIR 219 Feet

M27500-22-MY2T12 WIRE - SHIELDED TWISTED PAIR 204 Feet

TEFLON TAPE .005 TO .020 THICK - WIDtH AS
REQUIRED (SEPARATOR TAPE).

BRAIDING MATERIAL SHIELD - WIRE , ANN EALED NICKEL
PLATED COPPER WIRE PER ASTM
B355-65T, SIZE AS REQUIRED
OUTER JACKET - THREAD, HIGH
TEMPERATURE POLYAMIDE (N OMEX )
CONSTRUCTION #2455 NATURA L COLOR

BELDING HEMI NGWAY CO. INC
1430 BROADWA Y , N.Y. 10018

TABLE A-i . WIRE BUNDLE ASSEMBL Y MATERIAL
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The overall shield is to meet EMI-EMP and TEMPEST requirements.

This harness is produced in the Boeing Comercial Airplane Company ’s
Harness Assembl y shop. The tool s used in the fabrication of thi s
harness include:

One Form Board
Insulation Tool s
Stri pping Tools (automatic or hand)
Cr imp Tool s
Marking Machine (Hot Stamp)

Seal rods for unused pins

The fiber optic harness to replace the proposed wi re harness is to be
fabricated so as to physically conform in all respects except for the
actual connector terminations. Terminations have to be chosen to allow

completion of all data links within the original harness.

The twisted pa i rs used in this harness are used to sup ply dc power and

ground and were left in this cabl e because it is expected that this type

of Hybrid V.0.! wi re cable assembly will be common in this future

technology. One connecto r terminating 3 V.0. cables will use single
fi ber technology so that processes relat ing to this type of cabl e -will be

included in the development program. As this harness assembly is
completely inside the pressure hull , different construction and installa-

tion procedures will be followed than wi th the stand-alone link.

Harness Routing
The FO—0001 harness will be routed as illustrated in Figure A-4 and as
detailed in the P.1. drawings. The route chosen is identical to that of
the conventional cable. This routing is an original installation routing
procedure but should be compatibl e wi th rework or retrofit procedures.

Harness Cons truction

Cabl e

The fiber bundle chosen for the harness construction will be of a lighter
duty type than that of the link and will consist of a 46-mu bundle of
K400dB/km loss fibers covered wi th a protective Tefzel jacket. This
cable is availabl e from three suppliers . The ligh ter cable can be used in
this application because
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HARNESS STARTS AT THE
CO M M U N I CA TION STATI ON \

\ IS R OUTED THROU GH THE UP PER
R I GHT H A N D F OR W A R D S I D E W A L L

r”~ / 
_ _ _ _I . 

~ 
OVER THECEIL ING

THR OUGH T H E  UPP ER LEFT
HA ND F OR WA R D  S ID EWALL

TO THE Eli ELECTRONIC BAY

FIGURE A-4. Simplified Details of the FO-000l Harness Routing .
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V

The large number of cables in the bundle (4 to 19) will provide

mutual stiffness and support.

The outer braided cover will provide strain relief and also

protect the cables from abrasion and any handling damage.

The routing of the harness is completely in the interior of the

E3-A aircraft and is protected by paneling and cobundlin g with

other harnesses .

The lighter cable will save weight on the aircraft and cut down
the bulk and stiffness of the harness compared to the heavy, duty
cable.

The cost is less.

The sin gle fiber cable to be used will be large-core medium-loss glass-on-

glass material with an outer Tefzel jacket. This will g ive necessary su ppor t
and still provide the flexibili ty needed for the smaller harness ends. The
large core material (8-10 mils) was selected over the almost standard 5 nil
(3 mil core) material for this appl i cation for severa l reasons. The larger
core material is easier and therefore less expensive to terminate because
tolerance requirements are much less as compared to the 3 nil core diameter.

Input coupling loss (source to fiber) should also be significantly les.s for

larger area ( than laser diode) emitters because of the 9 times larger input
area and also because of the significantly larger numerical aperture than
the 3 nil cover diameter materials (in the range of 0.40 vs 0.20). The
attenuation characteristics are quite a bit higher than the small core
materials 50 dB/km vs < 10 dB/km , but in airplane applications with runs
generally much less than 30 meters this amounts for a 30-meter length a
difference 1.5 dB (1.8 dB - 0.3 dB), which is more than offset by the lower
insertion losses . Cost of this ~ritaterial is very close to that of small core
material and is generally less than the fiber bundle material .

Conventiona l wi re used in this cable will be standard twisted pair 22 ga.
Teflon coa ted stranded wire .
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V

Connectors
Two types of connectors were chosen to be used in this cable for the

three larger termination count connectors (D4704P; 07518 and D75l9). A

Hughes C21 series 20 termination connector , rectangular in shape wi th
center jackscrew per MIL-C-85028. This is a front insert/remova l unit and is

capable of handl i-ng single fi ber , fiber bundle , and wi re terminations.

The four 4-pin connectors chosen for the harness (07580, D7581, 7855
- and 07856) are the ITT Cannon PVA/MIL C-83723 series and are round plugs

utilizing rear release and insertion. They are also capable of terminating
all three types of cabl e to be used on the program.

CONCLUS IONS

The two harness designs should provide a basis for develo pment of all

needed specifications , utilize the major types of fiber optics transmission
med ia and provide actual usage information on three different types of state-

of-the-art multipin connectors. While a lesser number of types of
connectors coul d have been used at probably less overall cost and with

less chance of potential probl ems or failures , it was felt that the
broader base of knowl edge gained from the multiple sources would provide

greater information at minimal extra cost.

Choice of cable ma terials (1 sin gle-fiber and 2 fiber-bundle types) reflects
current industry state of the art and should provide us with a baseline
for cabl e materials over the next several years.

The routing paths of the two harnesses provide a wi de variety of aircraft
environments from benign to severe and so should provide excellent
vehicles for development of the needed routi ng and assembly technology
and specifications.
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V

APPENDIX B
PRELIM INARY INSTALLA TION PLAN

This report describes the materials and processes required and techniques
to be used in the fabrication and installation of the VO-000l fiber optics
harness and the F0-0002 - F0-0003 “Stand-Alone Link” . The details peculiar
to the individual cab1es are described in the 0180-24693-2 document while -

individual process and manu facturing techniques for all fiber optics cables
are detailed in the general procedures document , appendix C. This set of
general procedures covers both sing le-fiber and fiber-bundle cables and
harness and covers identification , marking, installation , and fabrication .

20

_ 
- — - 

_. _

~~~~~~~~

—

~~~~~~~

_ _ - --.— — 

~
-
~~ffT; , — 

--

—~~ — —-—--—---. — — -. 
‘. 

—. 
-q.



V

1.0 SCOPE

1.1 This speci fication covers the assembly and ins tallation of fiber optics cables
and harnesses in military aircraft.

1.2 In case of conflict between this specification and Engi neeri ng Assemb ly and
Installat ion Drawings , the informat ion of the engineerin g drawings shall have
precedence . -

I

I
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4.0 ASSEMBLY OF FIBER OPTICS CABLES AND HARNESSES

4.1 CABLE DENTIFICATION (Marking)

4.1.1 Physically identify cable as follows :

1. Inclu de in each identification all the info rmation specified by the
Bundle Assembly Drawing .

2. Where the Bundle Assembly Drawing specifies identifi cation of the
bundle number and cable number , use only the hot embossing on sleeve
or tape methods of Appendix B-i.

4. 1.2 Cable Identification Sleeves and Tape

4.1.2. 1 a . Identif ication of cables by means of sleeve s or tape is required wi th in
6 inches of the terminating points and within twelve inches of each
si de of a pressure bulkhead.

b. Identi fi cation of unmarkable cables by means of sleeves or tape is
required only at termi nating noints and may be staggered up to twelve
inches from term i nat i on points to reduce bulk an-d with in twe l ve inches
of each side of a pressure bulkhead.

c. For cable bund les us ing protective ‘ Exp ando ” s leeving over the cable
or harness , the cable identifi cation sleeves or tape may be staggered
up to a maxim um of twelve inches from termination points to reduce
bulk.

4.1 .2.2 Include color coding as indicated by the Bundle Assembly Drawing on
i dentification sleeve or tape when these are installed around a niult i-
conductor cable. No color coding is require d when the ident ifi cation
sleeve or tape is used on individual cables of a bun dle.

4.1 .2.3 Add identi f ication sleeves to uni dent i fied ca b les on ven dor furn i s hed
components when numbers are required by the Bundle Assembly Draw iny.

1. Imprint the cable numbers assigned by the Bundle Assembly Drawing on
the identif i_ation sleeves.

- 2. Locate an appropriate sleeve on each cable within three inches of the
component.

4.1 .2 .4 Where heat shrinkable sleevin g is used for cab le  i d e n t i f i c a tion , the actual
shrinking operation is requ ired only where necessary to prevent the sleeve
from s liding out of position on the cable duri ng normal service.

4.1.2 .5 When ma rking RI 876 hea t shrinkable sleeving , use a type temperature of
500 + 25°F. Regulate the machine pressure and dwell time to provide the
maximum p ig ment  t r a n s f e r  from foil to sleeve.

4.1.2.6 Quality Control shall determine , on a surveil lance basis , that the
impressions are clear and legible.
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4.2 BUNDLE IDENTIFICATION

4.2.1 Bundle Assembl y Part Number

4.2.1.1 Bundles shall~be part ,nuntered per 4.2.3.

4.2 .1.2 Bundle assembly part numbers shall consist of Bundle Assembly Drawing
nun’bers and dash numbers . Example: 180-50101-1

4 4.2.1.3 Cable bundle assembly part numbers shal l be located as speci fied on the
Bundle Assembly Drawing . Markers shal l be located at one end of the
bundles if locations are not given by the Bundle Assembly Drawing .

4.2.2 Cable bundle F/U number .

4.2.2.1 Cable bund le F/U numbers shall be placed on cable bundles per Appendix B-i.

4.2.2.2 Bundle F/U nunters shall consist of the lette r F/U followed by the last
four digits of the Bundle Assembly Drawing number with the leading zeros
omi tted.

EXAMPLE: 180-50001 = F/01
180-51121 = F/01121

4.2.2.3 Bundle F/U number markers may be p lace d from s i x to twelve inches from
the bunJle terminations and at six foo t i ntervals throu ghou t the len gth
of the cable bundles that contain only cables that cannot be marked by
direct i~iprinting .

4.2.2.4 Bun dle F/G number markers shall not be used on cable bundles that contain
any cab le that can be marked by direct imprinting .

4. 2.2 .5 For cable bundles with protecti ve “Expando ” s leeving, t he  F/U n umber
(yellow wi re bundle ID) shal l be installed in the overlap area per
Figure  B- i .

NOTE: Mate with and F/ U No. may all be on the same identif ication marker.

4.2.3 Materials for Cable Bundle Identification Markers.

4 .2.3.1 ‘I&B ’ 650-51983 nylon perforated tape (or equivalent) imprinted with the
information al ong the length of the tape and centered with respect to the
tape perfo rations sha ll be optional material. See Fig. B-2 and B-3.

CAUTION - SLEEVE MATERIAL USAGE IS DET ERMINED BY TEMPERA TURE TYP E I OR TEMPERATURE
TYPE I I, AND HYDRAULIC FLUID OR NUN-HYDRAULIC FLUID AREAS .
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FIGURE B-i

Ma te—With and F/U number may all be on the same iden t i f i ca t ion  marker .

If Mate—Wi th ident if icat ion would not b~ visible af ter  installation, it
may be installed loosely around Expando s1eevin~ wi thin  -

~
- inch back of

connector hard w~ire.
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4.3 RE FERENCE POINT INDICATORS (P1 Marke rs) -

4.3.1 Production illustration (P1) reference points shall be identified per
Appendi x B-i.

4 .4 SPECIAL INFORMATION MARKERS

4.4.1 Install special information markers on individual cables or on entire
bun dles as speci fied by the Bundle Assembly Drawing.

4.4.2 Locate the markers as near the end of the cable or bundle as possible
unless otherwise noted in the Bundle Assembly Draw i ng .

4.4.3 Use the materials and ins tallation methods as specified for connector
info rmation by Appendix B-I.

4.4 .4 Imprint on the markin g media that information wh i ch is s peci fied by the
Bun dle Assembly Drawing.

4.5 CONNECTOR IDENTIFICATION

4.5.1 a) A “Mate With ” tape is require d for all p lugs an d rece p tacles tha t are
not identi fied with a “P” or “J” suff i x . The “Mate Wi th ” informa tion
on the ta pe shall ma tch the equip ment i tem numbers shown in the par ts
list of sheet i of the Bun d le Assem bly Draw i ng .

b) Mate-With tape is not required on seal fittings .

4.5.2 Identification of equipment mating connectors wi-l i be per Appendix B-i.

4.5.3 In-line connectors will be identi fied per Appendix B-i , normally the
“Mate -With Dxxxx ” notation will be omitted.

4.5.4 Use of nylon tags , per Para . 4.2.3, for connector iden tif i ca ti on i n Type I
and Type II temperature areas and in either hydra ulic fluid or non-
hydraulic flui d a rea is perm i t ted.

4. 5.5 For bundles with protective Expando sleeving , the Mate-With tape or
sleev ing shall be installed per Figure B-i . When the P1 markers are
loca ted in the Expando area 18 inches back of the connector or on a short
cable bundle with Expando on the enti re bundle , the P1 marker shall be
installed ti ght and secured wi th a bundle tie , makin g the fla g marker
stationary at the location specif ied by the Bundle Assembly Drawing .

4.5.6 Connecto r identi fi cation ma rkers are not required when connectors are
attached permanently to support plate with connector identification
marked thereon . “Mate-With ’ information is not requ i red .

4.6 SPLICE IDENTIFICATION

4.6.1 Where physical identi fication of a cable splice is specified by bundle
assembly or bundle installation drawings , i dentify the splice as follows :
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4 .6.1.1 Use RT—876 sleevi ng wi th sleeve size such that it fits loosely around the
cable of cables to be spliced , yet wi l l  not slide over the splice .

4.6.1.2 Mar k the splice number (S PXXX ) on the sleeve per Appendix B-i. Do not
incl ude leading zeros of the spl ice number . For example , splice number
SPOO2 as shown on the cable bundle assembly drawing shall appear as SP2
on the i denti fication sleeve .

4.6.1.3 Slide the sleeve over the cable prior to the installation of the spl i ce.

4.6.1.4 Do not shrink the heat shrinkab le sleeve.

4.6.1.5 The sleeve must be located wi thin three inches of the splice .

4.6.2 When application of a slee ve is imp ractical , such as on a completed bun dle
assembly , pressure sensitive tape may be used. Imprint the splice numbe r
and apply the tape within three inches of the splice per Appendix B-i.

4.7 IDENTIFICATION MARKERS (GENERAL )

4.7.1 Use split or whole sleeves tied or shrunk as applicable. The use of
pressure sensiti ve tape is acceptable.
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5.0 INSTALLATION OF FIBER OPTICS CABLES AND HARNESSES

NOTE : Mi xed electric and fiber opti c cables must be installed using
applicable practices for electrica l cables plus these extra
installat ion notes applicable to fibe r optics.

5.1 ROUTING OF CABLE BUNDLES

5.1.1 Ins tall all cables per Appendix B-3 except as noted .

5.1.2 Install cables with sufficient clearance to prevent chafi ng of the
installe d bundles against sharp edges of structures , equi pment , etc.
(1/8 in. clearance minimum unless seconda ry pro tection is provided by
engineeri ng drawing). Norma l bundle slack may require 3/4 in. separation
to account for vi b ration an d bund le movement.

5.1.2.1 When not specifi ca l ly controlled by engineeri ng drawings , slack por tion
of bundles may contact smooth flat surfa ces and smooth radii 1/8 in. or
lar ger of either meta l or plastic. This does not apply to the engine area .

5.1.2.2 Fiber optic cables may be scuffed on the surface without degrada tion of
performance . Scratches deep enough to damage reinforcing braid is
rejectable.

5.1.3 Bundles shall not be tied together unless required to provide support for
small bund les . When struc ture for clampi ng is not available, b und les per
above shall be tied to adjacent cable bundles to achieve support .

5.1.4 Reference Point Indicators (P1 Markers) for Production Facility .

5.1.4.1 When reference point indicators are specifically called out on the
installat ion drawi ng , (not all bundle assemblies through a refe rence
l ocation are consi dered critical at that point) locate the refe rence
point indicators on the side of the support device indicated by the
cable bundle installation drawing . The gap between the support device
and the near edge of a green indicato r will be 1/2 in. + 1/2 i nch . Do
not use green indicators in fuel tanks.

5.1.4.2 Allow Reference Point Indicators under the Protective Sleeving .

5.2 CABLE SUPPORTS

5.2.1 Cable bundles shall be supported by channel raceway clamps or loop clamps
as specified on the wire provisions installation drawings. Bolt and nut
installation shall be per standard practice .

5.2.2 Loop Clam ps shall be installed as fol lows :

1. Cushion-loo p clamps (such as ADEL part number 5095 ) shall be used for
general purpose clamps in nonpressuri zed areas and for the fol l owi ng
special applications in pressurized areas:

A. Bundles in high temperature areas (275°F or greater)
B. Bundles 1.2~ in. in diameter or larger
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5.2.2 (Continued)

2. Nylon-loop clamps and plug fillers , when required , shall be used for
general purpose clamps in pressuri zed areas for cable bund les less than
1.25 in. in diameter and with temperatures less than 275°F .

3. Nyl on-loop clamps without fillers sha 1l be used ins i de fuel cells .

A. Where proper grip of the cable cannot be achieved with standard
size cl amps , the clamps may be sleeved per the followi ng method:

B. Select a length of shrinkable tubing such as MIL- I-23O53 /
(color optional). Slide the tubing onto the clamp so that the
tubing wi l l  not interfe re with the closin g of the empty clamp.

C. The tubing shall not be installed in more than every third clamp
on stra ight runs and shall be installed in each clamp in curved
runs. Do not shrink tubing .

5.2.3 Raceway Clamps

5.2.3.1 Install clam ps on channel as follows :

1. With cable bundles distributed in the channel , place the clamp in
position with the cushion against the cable bundles and the clamp
centered over the channel .

2. With the heel of the hand, press the clamp until the hook on each end
has sea ted in the appropriate slots in the channel

3. To properly grip the bundles , the sponge cushion must be depressed to a
thickness of not less than 1/4 in. The cushion should be depressed to
a thickness of not less than 3/8 in. (see Figure B-4). Check to
determi ne that the bundle dis tribution within the channel is such that
none of the bundles are free to move .

- -  --  
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~
“D0 NOT ALLOW CABLES BETWEEN END CHANNEL

OF CUSHION AND END OF CHANNEL
FIGURE B-4
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5.2.3.2 Where a short channel is not available , al low trimmin g of a longer par t to
the dimensions of the required shorter part. Break sharp edges of reworked
area .

5.2.4 Nylon Clamps

5.2.4.1 Where nylon clamps are specified use only Olymp ic Plastics Co. or Peco
Manufacturin g Co. clamp s as required th roughout the airplane.

5. 2.4.2 When a nylon clamp is used wi th a NAS 42 spacer or a meta l stand-off ,
install washers as shown in Figure D—5 .

CAUTION: Do not use washers within a fuel tank.

WASHER (REFERENCE)

NAS 42 SPACER OR - 

~~~~~~~~~ NYLO N CLAMP

METAL STAND -OFF

FIGURE 8-5

5.2.5 Flip Type Grommet (HAS 1368N)

5.2.5.1 Install flip grommets with Western Sky Industries tools WSI-T-3 or
WSI-T-32 or WSI-HT-3 through WSI-HT-32 or equivalent.

5.2.5.2 To re p lace a dama ged fl ip gromme t , ca refully cut the damaged part out of
the hole in structure and install a new gromme t with the tool specified
in Paragraph 5.2.5.1.

5.2.5.3 If cables are installed through the dama ged grommet, cut the grorirnet as
required to remove it from the cables . Install the replacement grommet
as follows :

1. Flip the grommet with tool specified in Paragraph 5.2.5.1.

2. Split the grommet as shown in Figure 8-6 using a sharp knife or
razor blade .

3. Apply adhesive to the grommet.

4. Install the grommet around the cable and in the hole of the structure .
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FIGURE 8-6

5.2.6 Use NAS 603-( ) screws for installation of all single lobe wire bundle
support clamps .

5.2.7 Dakota Cab-L-Tite Clam ps shall be installed as follows :

1. Select a Cab-L-Tite clamp size which will provide a minimum of one
notch above both ends of the keeper when installed.

2. Select countersink screw or hex head bolt as applicable. Insure that
the head of the fastener does not protrude above the base of the clamp
into the cable gri pp ing area .

3. Mount Cab-L-Tite clamp as specif ied by ins tallation draw i ng , lay ca ble
bundl e in cl amp and install kee per , insuring bundle is securely held.

5.3 REPAIR OF FIBER OPTIC BUNDL E -

1. If the outer jacket has minor scuffing such that the inner strength
member braid is not exposed , apply a coating of Vyna-Kote No. 6
(Spectra-Strip Wire and Cable Corporation , Garden Grove , California).

2. If the outer jacket is scuffed such that the strength member braid is
exposed but is not damaged , apply one coat of Vyna-Kote No. 6 and al l ow
to dry for 3-5 mi nutes . Wrap area with .003 - .007 fiberglass tape ,
tie ends with nylon or dacron cord and cover with another coat of
Vyna-Kote No. 6.

5.4 RACEWAYS AND CONDUIT

5.4.1 Position cable bundles within raceways as specified in cross-section views
on the Wire Bundle Installation Drawings.

5.4.2 Mark and install pull -cord as follows when specified on engineering
drawings.

1. Imprint the words “Pull-Cord” on one side of the pull-cord at not more
than 15 in. intervals throughout its length using hot embossing machine
with 011—51 black foil. Use Bently-Harris Mfg . Co. 1G. 40 cord.
Optional: Dodge Fibers Corporation TB303.
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5.4.2 (Contin ued)

2. Install the pull-cord in the conduit or raceway with the excess length
divide d approximately equal and coiled at each end of the inaccessible
area . Tie the two coils to the bundle with which it is routed. Do not
include the pull-cord under any bundle ties ~r clam ps .

3. Replace the pull-cord per 1 and 2 above if for any reason it is used
prior to delivery of the airplane.

5.4.3 Cety l Alcohol may be used as a lubricant for installations in conduit.

5.5 BEND RADIUS

5.5.1 Use the bend radi i specifi ed in Appendix B-3. Where the stiffness of a
ca b le bund le w i ll not allow bendi ng to the m i nimum , it is permissible
to remove the bundle ties locally. After the bend is formed , retie the
bunder per Appendix B. The bundle need not resume a round , cross-sec ti on
in the bend area .

5.6 FUEL TANK BUNDLES

5.6.1 Do not use cable bundle ties within any fuel tank area .

5.6.2 Do not use tapes or tied-on markers on cable bundles within any fuel tank
area .

5.6.3 Wire bundle clamps within fuel tanks shall be procured from the Olymp ic
Plastics Col or the Peco Manufacturin g Co .

5 .7 CONNECTOR INSTALLATION

5.7.1 Install connectors with the major keyway in the “UP ” or “FORWARD ” position ,
unless otherwise noted on drawing .

5.7.2 Torque all firewall connector coupling rings per supplier ’s specif ication
prior to lockwiring . -

5.7.3 Where the drawin g speci fies application of a “ red dot” , the cou p ling nut
of threaded coupling connectors shall be safety wired.

NOTE: Safety wiring or otherwise mechani cally lock ing is require d to
prevent loosenin g under vibration when installed in engine nacelles ,
in other areas of severe vibration (excludin g those on shock-mounted
equi pment), an d in areas which are normal ly inaccessible for

- periodic ma intenance inspection of the aircraft.

5.7.3.1 The “red dot” shall be 1/2 inch diameter painted or affixed on the
structu re ad jacent to each connector. The material of the painted “red
dot” shall be protective enamel . Color shall be “red” #11136 per federal
standard 595, or equivalent.
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5.7.3.2 Clean the surface to be painted using an appropriate solvent. Prepare the
paint material by mixing the ename l base and catalyst in the proportions
specified by the vendor in a clean container. Do not use thinner or
reducing agent.

5.7.3.3 Use a modi fied felt ti p applicator. Modify the s~tandard conical felt ti p
to a flat tip, 1/2 inch in diameter. To use , saturate the tip and press
lightly against the prepared aircraft surface . Paint shou ld be dry to
touch in 5-15 minutes and will achieve ful l chemi cal resistance in
approximately 7 days at ambient temperature .
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6.0 INSPECTION OF INSTALLED FIBER OPTIC BUNDLES

When the installation of the cable is comp lete per the Wire Bundle Assembly,
the installat ion procedure and this document , the qual i ty con trol department
shall ins pect the finished installatio n to assure the bundle has been
installed in a workmanlike manner. The inst allatio n shall be specifically
examined for the follow ing :

6.1 SLACK

6.1.1 Sufficient length of individual conductor lengths shall be avai lable for 3
retermi nations. This resul ts in additional bundle slack.

6.1.2 The bundle slack shall be evenly distributed between P.1. location markers .
The addit ional slack for retermi nation shoul d be include d i n the slack of the
first 6 feet at each end of the bundle.

6~.1 .3 The bundl e shall be free about hinge joints with sufficient slack to prevent
bindi-ng~~hen the h inge is fully opened.

6.1.4 Where equipment m be--r~ rnoved with the bundle installed , suff icien t slack
should be available to provtde---operati ng clearance during rework.

6.1.5 Slack for normal coupling and uncoupling drconoectors should be provided.

6.1.6 On shock mounted equipment , the bundle slack should provfde --car full traverse
of the equipment wi thout transmit ted s train to the bundle .

6.1.7 Normal expans i on and contraction of the airplane should not exert strain on
the bun dle. This is especially critical in long straight runs where the
effect is least obvious to the inspector .

6.1.8 Make sure that there is sufficient separation from adjacent surfaces so that
bund les w it h normal slack w i ll no t ma ke con tact .

6.2 Drip Loops

a. To prevent fluids or contami nants from enteri ng junction boxes , connectors
or other enclosed i tems, use drip loops unless potting is used in such a
way as to accomp lish the moisture barrier .
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I
6.2 (Continued)

b. Locate drip loops so that fluid will not drip on electrica l equipment.

6.3 Bend Radius

The bend radius shall be no less than 6 times the finished cable diameter or
1.5 inches (3 inch bend diameter) , wh i chever is greater.

6.4 Bundle and Cab le Support

Cable cl amps must be compatible wi th the area where the cable is installed ,
and the smallest which w ill hold the bundle without crushing or pinching the
cable , but will not permit abrasive movement.

6.5 Couplin g of Connectors

a. Make certain that the plugs and receptacles are properl y mated and fully
coupled . Check for tightness by hand an d only in the di rection of
couplin g. On bayonet types the locking pin shoul d be visible.

b. Check that safety wir ing is ins talled properly.

c. Make certain that the connector number and mate-w i th information are per
drawing .

6.6 Bundle Identification

Check that cable and bundle marker tapes or sleeves , and marks on cable are
per drawing and do not penetrate the cable jacket.

6.7 Conti nuity -

Prior to closure of the connectors , check continuity of the cables and t he
integri ty of each circuit from the other. Fiber optic cables are tested with
a light saurce or per the cable drawing . Electrical cables are tested by
volta ge measurement.
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APPENDIX B- i

I D E N T I F ICAT I O N  OF F I B E R  OPTICS CABLE , CABLE BUNDLES , AND HARNESSES

1 .0 SCOPE

This specification contains eng ineeri ng requirements~ for the ident ification
of production cabling.

2.0 CONTENTS

Section Title Sheet

3.0 Requirements and Verification 18
3.1 Requi rements 18
3.1.1 General 18
3.1.2 Identi fi cation of Cable Covering Suitable for Di rect

Printing
3.1.3 Identification of Cable Coverin g not Suitable for 19

Direct Printing

3.1.4 Bundle Identif ication 20
3.1.5 Production Iii 20
3.1.6 Connector Mate-Wi th Markers 20
3.2 Verification 20
3.2.1 Fluid Test 21
3.2.2 Ab rasion Test 22
3.2.3 Longevity Test 23

3.0 RE Q U I R E M E N T S  AND V E R I F I C A T I O N

3.1 REQUIREMENTS - 

- 
-

3.1.1 General

a. Identi fication is not require d on cable less than 3 inches long or within
concealed runs.

b. Identification is not required on module bundles or connectors when :

(1) No form board is required.

(2) The bundle is formed on the module.

(3) The module is not a panel module.

c. The cable identification info rmation code printed on the cable , tape , or
sleeve must resist environmental characteristics to the class an d gra de
levels noted on the engineering drawing or data processin g (EDP) paper.
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3.1.2 Identi fication of Cable Covering Suitable for Direct Printing

a. Print identi f ication di rectly on outer surface . The printed identifica-
tion shall not puncture or damaç,e the cable. After printi ng , bending
and/or flexi ng of the cable shall not cause cracks or splits in the cover.

b. A complete identi fi cation code shall be legible within 12 i nches of the
cable termi nation points , exclu di ng spl i ces , an d at 15 inch maximum
intervals throughout cable length.

3.1.3 Identification of Cable Coverin g Not Suitable for Direct Printing

a. Apply a yellow heat  shrinkabl e sleeve or identificat ion ta pe , printed
as indi cated bel ow.

b. Use cable number and color code specified by Engineering Drawi ng . SDace
the color code characters so they do not appea r as an integral part of
the wi re number.

Example: 1N26OH18 GR L24D18 V
IN261H18 R L24018 BR

c. Identi fy spa re cable stubs with the connecto r contact letter or number.
When a contact is i dentified by a l ower case letter , the corresnonding
cable will be identi fied by an upper case letter followed by a cash.

d. Where two or more unterminated cables , bearing the same identification ,
are routed together in a single group or bundle , include the code number
of the plug in wh ich they termi nate on the corresponding cable.

e. If Engineeri ng Drawing requires that the cable(s) or the bundle be pro-
tected with sleeving , cab le identif ication may be pri nted directly on the
sleeving .

f . Install pri nted sleeves or tapes :

(i) Within 3 i nches of entrance /exi t points of concealed cable runs.

(2) Wi thin 3 inches of connector cable clamps an d termi nating points ,
excluding splices , and at 6 foot intervals throughout cable length .

(3)  Wi thin 12 inches of each side of bulkhea d seal fi tti ngs .

(4) So they are outs i de the connecto r grommet , potti ng area , or adapter
clamps.

(5) By tieing or shrinking all sleeves unles s the ir movement is
restri cted to not more than 3 inches by a bundle tie , clamp , shiel d ,
etc. Do not shrink the sleeve over a bundle tie. If the sleeve is
split and tied in place , it must overlap itself 1/4 i nch minimum .

SIZE ~OOE IDENT . NO.A 81205 D180-24693-2

SCALE (REV (SHEET 19
0* LIII 2000 ~~ 4/ ? )  38 J ’~~~~47

.— — •— — 

~~. —.-



3.1.4 Bundle Identification

Install a bundle number wi th in 12 inches of each end of the bundle. Use an
app roved blue tape pri nted wi th  1/8 to 1/4 inch high chara cters . The pre f ix
“ASSY ” need not appear in the bundle number but each dash must be included.

3.1.5 Production Illustration Reference Marke rs

The “P1” markers may be applied to the cab le bund le as an i nstallat i on
expedient. Use an approved (Appendix F) colore d identi fi cation ta pe marked
in accordance with the En gi neering Drawin g and p roduction insta l la t i on need s .

3.1.6 Connector Mate-W i th Markers

Print the connec tor ma te-with information on an appro ved yellow
ident i fica t ion tape an d a pply the tape to the cab le bund le wi t h in 6 i nches of
the connector . The applied tape must not be attached to , or interfe re w i t h
connector maintenance . Information may be abbrevia ted in accordance wi th
MIL-STD -12. The equipment reference number , mate -with tape , and the equip-
ment must agree . If no number appears on the eo’~ipment, do not pri nt mate -
with numbers on the tape . Use sequen ce depicted in Figure B-i-i.

{quipment Number of Pl ug

* # or No. may be used
Equipment Number of Receptacle

FI GURE B- i-i . EXAMPLES OF MATE-WITH MARKERS

3.2 VERIFICATION

a. In-process surveillance shall be maintained duri ng produ ction . Random -

test specimens of specifi c cable, tape , or sleeve type shall be sup pli ed
by Manufacturi ng when , and as , reques te d by Quality Control . The tes t
specimens shall have been made using production equipmen t and material
on wire , tape , or sleeve compati ble with current design requirements .

b. Specimen shall be tested as indicated in Table B-i-i .
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TABLE B-i-i

Marki ng Applicat ion Test Requ ired on ~p~ci nien
Method C lass Per Fluid Abra’sion ~~~ Lonqe vi~y~

_______________  
Appendix F 3.2.1 

— 
3.2.2

Hot Stamp I 0 
_ _ _ _ _ _ _ _ _ _

2 X

Ink Ribbon 1 X 0 X

_ _ _ _ _  

2 X X

0 = Specimens must be tested consecutively with previous test.
= Sp ecimens may be tested concurrently.

3.2.1 Fluid Test 
-

Characters printed on cable , tape , or sleeve shall withstan d a 24-hour mini-
mum soak in an approved hydraulic fluid at 70 + 2°C, fol lowed by a 24 -hour
air dry at room temperature and remain legi ble after being subjected to
conditions of 3.2.2.

• 3 .2.2 Abrasion Test

Characters printed on cable, tape , or sleeve must remain legible to the
unaided eye at a minimu m distance of 15 inches in minimum daylight of 30 foot
candles after 20 rubs with an abrasive felt (Federal Specification C-F-2O6b ,
Type III, Class 7Ai) using 2 pounds of wei ght pressure (including the weigh t
of the fixture) and a s peed of 30 to 60 rubs per minute . The felt surface
shal l be 3/16 to 1/4 inch wi de and completely contact the printed characters .

3.2.3 Longevity Test

Characte rs pr in ted  on cable , tape , or s leeve shall remain legible after a
24-hour minimum exposure in a weathero meter chanter to alternati ng cycles of
ultra-violet light and typica l tap water spray . The cycle periods shall be
102 + .25 mi nutes of ul tra-violet light and 18 + .25 minutes of ultra-violet
light plus typical tap wate r spray .

0
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APPENDIX B-2

FABRICATION OF FIBER OPTICS CABLE BUNDLES / HARNESSES

1.0 SCOPE

This speci f icat ion describes methods and fabrication materials for assembly
of fi ber op tics bund les /harnesses .

2.0 CONTENTS

Section Title

3.0 Mater i als Control 22
4.0 Def initions 28
5.0 Manufacturin g Control 28

5.1 Wire Grou ps and Bundles 28

5.2 Protection of Bundles 31

3.0 MATERIALS CONTROL

Material “ ty pe ” c lass i f ies ma terials according to maximum continuous operating
temperature l isted below . Where drawing specif ies a temperature “ type ” area
only ma ter ials of that cl ass i f icat ion shall be used , except, where a speci f ic
material is not ava ilable, a higher temperature materia l may be subst i tuted .
When the speci f ication or Engineering drawing ca l ls  out a speci f ic  material ,
no substi tution shall be made . Where temperature “ type ” or material is not
specifi cal ly designated , Type I materials shall be genera lly used.

Type I - to 2000F
Type II - to 275°F
Type II I  - to 350°F
Type IV - to 5000F

LID This ma terial i~ res istant to Skydrol 500.

~~~ Except for the adhesive , this material is resistan t to Skydrol 500 .

3.1 TYPE I MATE R IALS

3.1.1 Sleevin g, Insulatin g

a. Sleeving ; insulating, flexible , transparent , extruded vi nyl , per
MIL-I-7444, Type I , standard sizes as required in the followi ng ranges:

Range I (20 AWG to 1/2 I.D. Inci.)
Range II (5/8 inch to 1-1/2 I.D. m d . )
Range III (1-i/ 4 inches to 2-1/2 I.D. Incl .)
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3.1.1 a. (Continued)

(1) The Borden Co., Chemical Division ,
Resinite Departmen t, Santa Barbara , Calif .
“EP-93C” For All Ranges

(2) The Win. Brand and Co., Inc.;
Wil l i a m a n t i c , Conn .
“Turbo 625” For Range I and II

(3) 3M Co.,
Irvington Division ,
Freehold , New Jersey
“Irvington 3022” For All Ranges

3.1.2 Strip, Insulating

Strip; plastic , vinyl , trans pa rent, fl exi ble (material same as for sleeving
• per M I L - I - 7444 , Type I), .020 or .040 inch + .0015 thick and .060 inch + .0025

thick width as required (tolerance + 5%) in 1/4 inch increments .

The Borden Company , Chemica l Division ,
Resinite Department , Santa Barbara , California
“CT-93C ” for .020 inch
“EP—93C” for .040 and .060 inch

3.1.3 Tape, Insulating

a. Tape; electri cal , vinyl , pressure sensitive , black unless otherwise noted ,
opaque , per MIL-I-7798, .007 + .001 inch thick , width as required -

(tolerance + 1/16) in 1/4 inch increments .

(1) Permacel , New Brunswick . New Jersey
“P-29 , Black”

(2) 3M Co., St. Paul, Mimi.
• 

~Scotch #33”

(3) Technical Tape Corp., New Rochelle , New York
“Tuck No. 330, Black”

3.1.4 Tape, Cushioning (Cable Clamp )

• Tape , pressure sensitive , rubber and cork composition , per MIL-T-6841A , 1/32,
or 1/16 inch thick , width as required in 1/4 inch increments .

Armstrong Cork Co.; Lancaster , Pa.
“DK—153”

3.1.5 Tying Material

a. Braid, f l a t  wo ven , .0125 + .0030 inch thick and approximatel y 3/32 inch
wide , color white or tan , unwaxed , mi ldew resistance effectiveness per
MIL-T-713, and 48 pound minim um breaking strength .
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3.1.5 a. (Continued)

(1) Western Filament Corp.; Glendale , Calif .
• 

L~D 
“No. 17-D” (Dacron)

(2) Hemingw ay & Bartlett Mfg . Co.; New York , N.Y.

~I~~
’ “Dacron Flat Braided Lac ing Tape G.E. Finish”

(3) Eon Corporation ; Los An geles , Calif.

(a) UD Airtex #417X ( Dacron )

(b) fl~~~~~ 
Ai rtex #217 (Dacron)

(4) Gudebrod Bros . Silk Co . Inc.; Philadelphi a , Pa.

EII~ Dacron Stur -D-Lace H “I8DH”

b. Braid , flat woven , “Dacron ” , .0125 + .00 3 inch thick and approximatel y
3/32 inch wi de , viny l coated, color b lack , end-fray resistant; including
mi l dew proofing effecti veness and 50 pound average breaking strength in
accordance with MIL-T-713A .

(1) Eon Corporation; Los Angeles , Calif.
“Airtex 217, Class 2 , Black ”

(2) Gudebrod Bros . Silk Co. inc.; Philadelph ia , Pa.
“Fyr-Lace R , Style 18DR , Black”

3.1.6 Talcum Powder

a . Talcu m Powder No . 325

Van Waters & Rogers ; Seattle, Washington

3.2 TYPE II MATERIALS

3.2.1 S leeving, Insulating , Heat -Shr inkab le

LI~~ 
a. Sleeving (heat-shrinkable), insulating , irradiated polyolefin , opaque

colors as required , sizes per appl i cable standar d (MIL-I-23053).

(1.) Material may be obtained from :

Raychem Inc.; Redwood City , California
“Thermof it CRN ”
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I

3.3 TYPE IV MATERIALS

3.3.1 Sleevi ng , Insulatin g , Heat-Shrinkable

~D Sleevi ng, heat-shrinkable , Polytetrafl uoroethylene , (TFE “Teflon ”) natural
color , sizes as listed below :

Raychem , Inc.; Redwood City , California
“Thermofit IFE”

Max. I.D. as Recovered . Max. 1.0. as Recovere d
Size Supplied (In.) 1.0., (In.) Size Supplied (In.) 1 .0. (In.)

30 .030 .022 14 .121 .078
28 .035 .025 12 .153 .096
26 .040 .028 10 .191 .116
24 .050 .032 8 .240 .144
22 .055 .037 6 - .~02 .178
20 .060 .044 4 .370 .224
18 .076 .052 2 .430 .278
16 .093 .063 0 .470 .347

Note: Use on high temperature wire and parts only.

3.3.2 Sleeving, Insulat ing

a. Sleeving ; insulating, fiberg lass , sil icone rubber covere d , fungus res is -
tant treated , wh i te color , per specification MIL-I-18O57 , (200°C , 8000V
minimum average dielectric strength), ASG sizes 24 to i/O , and 3/8, 7/16,
1/2, and 5/8 inch ID .

(1) Bentley Harri s Mfg. -Co.; Con shohocken , Pa.
“Ben—Har 1151”

(2) 3M Co., Irvington Division ; Freeho ld , N.J.

Note: This material limited to procurement onl y when material per
a(1) is unavailable.

“Irvington 411”

~~~~~~~~ 
b. Tub ing , insulati ng , Polytet rafl uoroethy lene (TFE “Teflon ”), nonrig id per

MIL-I-22129 , tubing I.D. sizes AGW 0 thru 30, and additional sizes as
follows :

Note: This material may be used only when specified on Engineeri ng
drawings .
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I

3.3.2 b. (Continued)

Nomi nal 10 Wal l Thickness
(In.) (In.)

3/8 .025 + .006
7/16 .025 + .006
1/2 .025 + .006
9/16 .025 + .006
5/8 .030 + .006
3/4 .035 + .008
7/8 .035 + .008
1 .035 ~ .008

c. Tubing ; nonrigid , constructed of spiral ly welded extruded Polytetrafluoro-
ethylene (TFE “Teflon ” ) tape ,, per AMS 3653 , red , minimum breakdown
strength 5000 volts r .m .s ., wal l  thickness .010 ÷ .002 , AWG s izes 8, 4, 2,
0, and 3/8, 1/2 inch ID. -

Hitemp Wi res , Inc .; Mineola , N.Y.

[III~ “Nonrigid Temprene Teflon Tubing ”

Note: This ma terial may be used only when specified on Engineering
drawings.

3.3.3 Strip, Protective

a. Stri p (or film) ; Polytetrafl uoroethylene , (TFE “Teflon ”), unsupported ,
skive d , vir gin or reprocessed, natural or blue color , .005, .010 , .015,,
or .020 thick and width as required in 1/4 inch increments .

(1) Continental Di amond Fiber Co.; Newark , Del.

~~~~~ 
“Unsupported ‘Teflon ’ ; Skived Strip ”

(2) W. S. Shamban & Co.; Culve r City , Ca li f .

~~ “Kelon -T; Skived Stri p”

(3) Raybestos-Manhattan , Inc.; Mannheim , Pa.

~~~ “R/M 829; Skived Strip ” -

3.3.4 Tape , Insulating

a. Tape , Polytetrafluoroethylene (TF E “Teflon ”), pressure sensitive thermo-
setting adhesive , per MIL-T-23594, width as required in 1/4 inch
increments , nomina l overall thicknes s .0065 inch (.005 i nch backing).

(1) 3M Co. ; St. Paul , Minn.
)
~ “Scotch #61”
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3.3.4 a. (Continued)

(2) Perinacel; New Brunswick , New Jersey

~~~ “P-421”

(3) Connecticut Hard Rubber Co.; New Haven , Conn .

~~~ Temp-R-Tape Type “TV ”

3.3.5 Tape , Protective

a. Tape, Polytetra fluoroethylene (TFE “Teflon ”), glass supported , p ressure
sensitive thermosetting adhesive , width as required in 1/4 inch increments
and nomi nal overall thickness aslisted .

(1) 3M Co.; St. Paul , Minn . -

~~D “Scotch #64” (.0065 thick) - -

(2) Permacel ; New Brunswick , N.J.

~~~ “ET3758” (.005 thick)

(3) Connecticu t Hard Rubber Co.; New Haven , Conn .

j
~D “CHR-A-2005” (.005 thick)

3.3.6 Tying Material

a. Braid; flat woven , fiberglass , “Teflon ” coated , approximately 1/8 inch
wi de x 1/64 inch thick , and minimum breaki ng strength 90 pounds.

(1) Bentley Harris Mfg . Co.; Conshohocken , Pa.

~D “TG4O”

(2) Dodge Fibers Corp.; Hoosick Falls , N.Y.

EE~ “E775-303” (Formerly TB-303)

b. Braid , fl at woven , fiberglass , “Tefl on” coated , approximately 5/64 inch
wi de x 1/64 inch thick and minimum breaking strength 45 pounds .

(1) Bentley Harris Mfg . Co.; Conshohocken , Pa.

[E~ “TG25”

(2) Dodge Fibers Corp.; Hoos i ck Falls, N.Y.

LiD “E775-476” (Formerly TB-476)

t
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3.4 MATE RIALS NOT CLASSIFIED BY ‘TYPE’

3.4.1 Thinner

Thinner ; lac quer , per TT-T-266.

3.4.2 Varnish

a. Varnish , Nylon

(1) Nycote Type 88 with Type 88 accelerator (mix 5.7 parts accelerator
wi th 100 parts base).

(2) Nycote Type 4-30

Nycote La bora tori es
15002 Delano Street
Van Nuy s , Ca lif .

4.0 DEFINITIONS

a. Breakout - A “breakout ” refers to the point where cables depar t from a
cable bundle group.

b. Bundl e — A cable “bundle ” is a number of cables routed together and
bound , by bundle ties .

c. Group - A cable “group ” is a number of cables tied together and routed
to a sin g le item or se t of equip ment .

d. Junction Shell - A cable bundle support fixture used to support bundles
enterin g an electrical junction box. The fixture is similar
to a flan ge mountin g connec tor endbell wi th a ca b le clam p.
Connector cable clamping requirements generally apply to
j unction she ll clamp ing .

5.0 MANUFACTURING CONTROL

a. Form cables and bundles so as to minimi ze stress on cables and connections
due to ca ble bends and clam pi ng during i nstal la tion . Form i ng may be
accomp lished by fabricating cable harnesses on form boards .

b . During fabrication and handling of cable assemblies , care shall be taken
to preven t stresses or strains from being placed on terminations or
connector contacts . Provide bench c lamps or other necessary support
when formi ng wires .

5.1 CABLE GROUPS AND BUNDLES

• 5.1.1 Binding Cables Into Grou ps and Bund les

a. Identify cab lin g, in accordance with Appendix B-i.
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5.1.1 (Continued)

b. Untangle wires as much as practicable before tyi ng them into groups . Lay
w ire groups as parallel as practicable before tying into bundles. Crossed
wires under bundle clam ps are not acceptable.

c. Tie wi re groups and bundles with tying ma terial (3.1.5, 3.3.6) us i ng a
clove h i t c h and square knot as shown in Figure R-2-1. Tying cord may be
doub led whe n wire groups or bundles exceed 1-1/2 inches in diameter.

~~ (1) Before tying the square knot , cinch the clove hitch firmly in place
by pull ing the free ends of string in opposite directions whi le
rotating them 900 to 1800 about the hitch so they twist  beneath it
and are hel d in place . Do not stress or deform wire or cable
insulation by overtightening the clove hitch .

(2) Tie the square knot ti ghtly over the clove hitch and cut off free
ends to a length of 1/4 to 1/2 inch .

‘1 - 

~~~~
L T

~~~~:j~

’

~~~~~~~~~
. -

FIGURE B-2-1

(3) For wiri ng on which ties ten d to sl ip, an optional tie may be made by
passing an initial loop through the bundle prior to making clove
hitch as shown in Fi gure 8-2-2. Tighten clove hitch on opposite
side of bundle from the initial loop. Tie a square knot over the
clove hitch (see Fi gure 1)

FIGURE 8-2-2

d. In restricted areas , the modified clove hitch and square knot shown in
Figure B-2-3 may be used as an optional tie for tying cable groups.
Follow the procedure in c(1) and (2) above to secure the tie .

FIGURE B-2-3
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5.1.1 (Continued)

e. Minimi ze fraying of fiberglass ty i ng braids (3.3.6) by cutting tied ends
using very s har p cutt i ng tools . A small amount of ny lon varn i s h (3 .4 .2)
may also be app lied on b raid ends and kno ts if necessar y to pr even t
fraying or loosening .

5.1.2 Spac ing Ties for Bundle Support

a. Except as provided in 5.1.3 , space t ies on cable groups and bundl es a
minimum of 8 i nc hes an d a max i mum o f 12 i nche s a par t exce pt as follo ws:

(1) Tie as necessary to provide adequate support at bends , breakouts , and
locations sh ere cable groups or bundles are adjacent to moving parts .

(2) Tie cables together in junction or terminal boxes only as required
for su pport to faci li ta te removal of ca b ling an d equ ip men t.

(3) Tie groups and bundles such that support is not derived from
te rminals.

(4) When cable groups are tied wi th in a bundle , the ties on the
individual groups may be spaced a maximum of 30 inches.

(5) Space ties a maximum of 30 inches on groups and bundles instal led in
racewa ys .

(6) Use the minimum number of ties necessary to adequately support the
groups or bundles as specified herein .

b. Assemble cables in conduit or insulating tubing such that they are
untang led and pa rallel as much as pract icable. Cables in conduit or
insulating tub ing shall no t be tied together . TalL um (3.1.7 )  may be used
as a lu bricant on cables and tubing .

c. Al l temporary ties placed on cable bundles to fac i l i ta te  handling or
storage must be removed duri ng or prior to Dund le installations .

5.1.3 Tying of Equipment Internal Wiring -

a. Stationary groups and bundles contained within ground support equipment
consoles , ca b inets , and components may be bound toge ther by con t inuous
lacing as an optional method to spot tyi ng per 5.1.1.

(1) Using tying braid (3.1.Sb), start the lac ing by making a tie per
Figure B-2-1. Cut off only the short end after making the knot.

(2) Make a continuous lacing using a series of locking stitches as shown
in Fi gure B-2-4.

H 

_ _ _  
_ _ _  

_ _ _

FIGURE 4.
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5.1.3 a. (Continued )

(3) Apply continuous lacing with the aopropriate interva l between
stitches per Figure B-2-5, except that a stitch may also be p rov id ed
adjacent to each side of a cable breakout.

0 (Inches) L (Inches)

Less than 1/2 3/4 + 3/16
1/2 to 1 1-1/2 + 3/8
More than 1 2 + 7/16

Note: Two successive intervals of stitch i ng shall not differ by more than
20% of the lar ger interval .

_

FIGURE B-2-5

b. Where spot ties per 5.1.1 are used on i nternal wiring of ground support
equi pment, space ti es a minimum of 3 inches and a maximum of 6 inches
apart.

5.2 PROTECTION OF BUNDLES

Where contact with adjoining flat or rounded surfaces may be possible but is
otherwise una voi dable , protect groups and bundles from chafi ng or abrasion in
accordance with the following:

a. Cover with shrinkable sleev ing (3.2.1 , 3.3.1) or non—shr inkable sleeving
(3.1.1 , 3.3.2). Tie non-shrinkable sleeving in p lace with bundle ties
per 5.1.1 over each end of the sleeve .

b. Install shrinkable sleeving as fol lows:

( 1) When practical , remove group or bundl e ties prior to installing
sleeves.

(2) Use a sleeve size that will fit permanently in place after shrinking .
Ties may be omi tted on tigh t fitting sleeves.

(3) Shrink sleevi ng using good standard practice .

(4) Shrinkable sleeving may be applied by heat-shrinking a minimum of
three i nches on each end for sleeves exceeding eight inches in length
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5.2 (Continued)

c. Provide drain holes in protective sleeves~ th~re more than 12 i nches lon g.
A pa ir of drain holes may be spaced diametricá1-~y opposite at 2 inch
intervals wi th alternate pairs rotated 900, or they -ii~ay be provided in
groups of 4 ho les evenly spa ced around the s leeve cir~tn~iference a t 4 inch
intervals . Make 1/8 inch holes in AWG 4 (nomi nal ID .208 lnch) or larger
sleeves and 1/16 inch holes in smaller sleeves .

Note: Drain holes are not require d in close fit ting shr i nka b le sleeves .

d. An alt e r n a t e  method to a , above , is to wrap the cable (s)  with viny l or
teflon stri p (3.1.2, 3.3.3). Completely cover starting end of strip on
the first lap, then proceed wi th a one-half width spiral overlap. Secure
wrapping with bundle ties at each end and at inte rvals of 8 inches
maximum.

e. Protect ca b les and bund les from ab ras i on in uncush i one d meta l cla mp s by
wrapping the cables with a minimum of two concentri c wraps (.03 inch
minimum buildup ) of insulating or protective strip or tape (3.1. 2 , 3.1.3 ,
3.1.4, 3.3.3, 3 .3.4 , 3.3.5). Wra p the cables and tighten the c l a m p in
such a manner that the jacket is not crushe d or dama~~d and does not slip.
T ightly wrap and hold the strip whi le tightening the clamp to prevent
unwrapp ing.

f . Protect cab les against abrasion at bundle supports and clamps by covering
with s leeving or tape (3.1.1, 3.1.3 , 3.2.1, 3 .3.1, 3.3. 2 , 3.3.4, 3.3.5).
Extend this protection 1 inch + 1/8 on each side of the support . Install
sleevin g per a or b , above. Spirally wra p tape with a one-half width
overla p, coveri ng the starting end before lapping is begun , and spiral by
wrapping the finishing end back under the support clamp or tie.
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APPENDIX B-3

DETAILED INSTALLATION PROCEDURES

1.0 SCOPE

This section covers detaile d steps in the installation of fiber optics cables
and harnesses.

2.0 CONTENTS

Section Title Sheet

3.0 Requirements and Verif ication 33

3.1 Requirements 33

• ~~~~~~~~~~ 3.1.1 General 33

3.1.2 Cabl e Slack
Drip Loops 35

3.1.4~—~ Bend Radius 35

3.1.5 Thundle and Cable Support 35

3.1.6 Coup lmn~• of Co nnecto rs 37

3.1.7 Modification of Harnesses 38

3.1.8 Test of Cablin g 38

3.1.9 Protection of TerminatIOn.s 38

3.2 Veri fication ~~~~ - .• 39

3.2.1 In-Process Surveillance 39

3.0 REQUIREMENTS AND VERIFICATION

3.1 REQUIREMENTS ~~~~~~
•

3.1.1 General 
- 

- • . 
—

a. Protect unattached ends and connectors. Neatly coil the free ends of
the bund les and stow to avoid damage. ~~~

.
.

b. Assemble cables in conduit or insulati ng tubing such that they are
untangled and parallel to each other. Cables in condu it or insulating

• tubin g must not be tied together.

- - c. All temporary ties or straps placed on cable bundles to facilitate
handling or storage must be removed during or prior to ins tallation .

NOTE: Exerci se care to prevent damage to cables when removi ng ties or
straps and to prevent cut straps or ties from dropping into
aircraft components or equipment.
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3.1.1 (Cont inue d )

d. Smooth ing and fi l l ing compound may be appl ied over projecting r ivets ,
bolts , nuts , or other protrusions which present an abradi ng surface to
adjacent cab les.

e. Cabling shall not be encased with tape or sleeve unless speci fied on the
bundle assem bly or i nstalla ti on draw ings . When shr inkab le sl eev i ng is
specif ie d to be shr unk , shr i nk from one end heat i ng evenl y unti l the
other end of the tube is reached. Move the hea t gun evenl y w ith out over-
heatin g the ca ble.

f . At shock mounted equipment , a l l  cab les from each connec tor may be tied
to gether , but the cables from one conrlector shall not be tied to the
cables from ano ther connector between the un i t and the fi rs t clamp .

3.1.2 Cab le Slack

a. Distribute s lack evenly th roughout the length of the bundle. Insta ll
cable bundles as shown in Figure 8-3 -1.

Where installati on location marke rs are used , distribute slack evenly
between the markers .

b. In applicable areas make certain that there is adequate slack to meet
the fol lowin g requiremen ts:

(1) Replacement of termi nations at leas t three times.

NOTE : Where space permits , i n c l u d e  the excess ca b le length for
retermination of connectors in the form of a drip loop.
Otherwise include the length in the firs t six feet leading
to the connector or other termi nations.

(2) Movement of hinged joints .

(3) Remova l of face-mounted equipment , where other means of access is
not provided.

(4) Couplin g and uncoupl i ng of connectors.

(5) Special maintenance and service applications specified on the
engineerin g drawing (e.g., to permit amp le shift i ng of equi pmen t
while still in the airc raft, for the purpose of realignment , remova l
of dust covers , servi cing , tuning and changing components or
assemblies).

• (6) Prevention of strain on cables to shock-mounted equipment.

(7) Provision of dri p loops.

(8) Adequate cabling movement at bulkheads and on long stra i ght cable
runs to compensate for the expans ion and contraction of the
aircraft struc ture i nduced by climate extremes .
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3.1.2 (Conti nued)

b. (Continued)

(9) Prevent mechanical strain on cab les , terminals , junctions , and
supports .

c. Make sure that there is at leas t three inches supporte d se parat i on
between cabling and fluid (except water) lines , oxygen l ines , contro l
cables , and their equipment.

~ 
Midpoint-_--—H 1/4 to 3/4 Inch ~~~~Clamping Point

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
24.0 Inches Maximum Cable Bundle

FIGURE 8-3-1. SLACK IN CABLING

3.1.3 Drip Loops

a. To prevent fluids from enterin g junction boxes , connector s , or ot her
enclosed items , provide a dri p loop in the cable or bundle just befo re
it enters the item of equipment.

b. Locate drip loops so that flui d will not drip on other equipment.

c. Carefu lly seal around the cable (except on potted and moisture proof
connecto rs ) at the point of entry with a coatin g compound , require d by
Engineering drawing .

d. Drip loops are not required on cable or bundles that terminate in a
potted connector.

3.1.4 Bend Radius

Use a minimum bend radius of ten times the cable or bundl e diameter. In
restricted spaces the bend radius may be a minimum of six times the outs ide
diameter or 1-1/2 i nches , wh ichever is greater .

3.1.5 Bundle and Cable Support

Cable cl amps must be compatible with the area where the cable is installed
and must be the smallest which will hold the bundle without crushing or
pinching the cable. The clamps must conform with the following ins tallation
instructions .

a. Clamp wi re bundles and cables (incl uding twisted cables) firmly at all
• supports . Do not allow cables to cross each other under cable bundl e

cl amps.
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0.25
0.10 Filler Tape

____ I Fill er Rod

Fill er P~~~~~~~~~~~~T 

Ga~~~~~~~ 

Coax i al Ca , le

• .•.I

INSTALLATION OF FILLER PLUGS INSTALLATION OF F I L L E R  ROD INSTALLAT I ON OF F I L L E R
TAPE

Figure 8-3-2 Fi gure 8-3-3 Figure 8-3-4

3.1.5 (Continued)

b . If the bundle diameter is such that none of available clamp sizes will
firmly grip the bundle , use one of the fol l owing methods to build up the
bundle diameter:

(1) For all applications except in fuel cells or with coaxial cable , use
filler plugs , installed accordin g to Figure B-3-3 , or filler rods ,
ins talled accord ing to Figure B-3-~ .

(2) Filler tape shall be ins talled to Figure 8-3-4, as required .

c. When contact exists , or is possible , between crossing wire groups or
bund les , tie the groups or bund les together.

Cri tical bundles requir i ng i solation as s pecif ie d by Eng i nee ri ng drawin g
dia grams must not be tied to other groups or bundles .

d. Do not insta ll cla mps in the bends of the bundle unless the radius of
bend exceeds six inches .

e. Use c lamp sizes which do not deform the cable.

f. Nylon clamps may be installed with a gap of .03 inches as s hown in
Figure 8-3-2.

g. Install wire groups or bundles on tontstone bundle supports as follows :

(i) Distri bute the wires around the cross as evenly as possible.

(2) Double the cord or braid used for tying wire bundles over 3/4 inch
in diameter.
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3.1.5 g. (Continued)

(3) Tie bundle as shown in Figures B-3-5 and B-3-6. Make the clove
hitch snug and the knot tight.

(4) Leave free ends of the knot 3/8 + 1/8 inch tlong .

NOTE: Never bind a tie so tightly it cuts or penetrates the
insulation .

h. Do not use ties , straps , or tapes for prima ry supports.

i. When cable groups are bundled and routed together , do not destroy the
identity of the individua l cable groups , nor remove their ties .

j. Do not use continuou s lacing .

k. Do not tie bundles of two or more connectors together until after their
fi rst common clamp i ng point.

Square Knot

( ••
••~_

•
~ 

.
~~~ • 

- 1—Square Knot

~~~~~~~~~Clove Hitch .,~~ 
.::,.~~~. y •

~~~~~~~~~~ ~~~~~~
. 

~~ 
- -: - ..~~~~~ ~.

- - 
~~~~. 

•

K )~~~~~ ~~~~- -~~ - J• .~~•
‘ •

•
.. 
.
~
.
-. 

• •
• -

~~~~V ~~~~~~~~~~~~~~
Square Knot~~~ ._1 _ .::z - .

Tontstone Support Clove Hitch — ~~
Cable Bundle

SECURING WIRE BUNDLES TOfr~STONE DETAIL METHOD OF SECURING BUNDLES TO
SUPPORTS SUPPORTS

Figure B—3-5 Figure 8-3-6

3.1.6 Coupling of Connectors

a. Make certain that plugs and receptacles are properly mated and fully
coupled.

b. On threaded coupling connectors that do not require safety wiri ng , tighten
couplin g nuts by hand , then slightly beyond han d tight (1/8 turn maximum)
with tool AT 508K (Aircra ft Tools, Inc. , Los Angeles , California).

On connectors that do require safety wiring , tighten coupl i ng nuts ~~hand only before ins talling lock-w i ring .
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3.1.6 (Continued)

c. Engage bayonet-type and ball -lock connectors only by hand . Make certain
couplin g rigs are fully engaged and in the comp le tely locke d posi ti on .

d. Check for tightness by hand and 
~~]y 

in the direction of coupling. On
connectors that require safety wir ing , check for tightness onl y prior to
safety wiring .

e. Engage connectors with ja ckscrew -type coupl ing as fol lows :

(1) Before threadin g the jackscrews into the jacksockets , seat them
tightl y agains t each other.

(2) Use care , turning each screw one-half turn at a time alte rnately by
hand until the p in contacts beg in to enter the socke t con tac ts .

(3) Continue tightening each screw by one or two turns alte rnately until
the connectors are fully mated.

3.1.7 Modifi cation of Harnesses

When a cable or cables must be replaced or added to a completed bundle as a
resul t of a change or a Ma ter i als Rev i ew Boar d action , accomp lish the
modif icat ion as fol lows :

a. Identify cable or cab les by appropriate markings.

b. Replacement and added cable(s) may be installed by either threading and
pulling the cable(s) through the bundle ties and support clamps or by the
procedure ou tlined below .

(1) Tie the added cable(s) to the exterior of the bundle with ties in
accordance with Appendi • x B-2 . If the bundle is installed , ties are
required between clamps only and at approximately one foot inter~als.

(2) These cables need not be installed under existi ng ties , tapes ,
markers , etc . on the parent bund le . However , they must be installed
wi th in all support clamps of the parent bundle.

3.1.8 Test of Cabling

Op tica l power transm i s s ion checks are the res ponsi bi lity of the Manu facturin g
Department except when otherwise specified on the Engineering drawing .

3.1.9 Protection of Termi nations -

If cablin g is to remain unconnected in the delivere d product installat ion ,
protect the unconnected ends as follows :

a. Insulate unattached cable ends with tape or shrink sleeving .

b. Protect ins talled uncoupled connectors with dust caps.
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3.1.9 (Continued)

c. Stow the cabling so that contaminants cannot fall or drain into the
protective covers .

3.2 VERIFICATION

3.2.1 In-Process Surveillance

a. Assure that only approved materials are used to satisfy the requirements
of this specification.

b. Assure that temperature , fluid , and vibration restrictions are observed.

c. Assure that terminals , splices , connectors , and wires are properly
installed, supported , and protected.

d. Assure that circuits are properl y tested as specified on the Engineering
draw i ng before application of aircraft power.
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A PPENDIX 8-4

MARKING OF FIBER OPTICS CABLING

1.0 SCOPE

The purpose of this document is to provide the methods and requirements for
marking fiber optic cab les and bundles.

2.0 CONTENTS

Section Ti tle Sheet
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3.0 MATERIAL S CONTROL

NOTE: These are suggested sources . Where competing equal suppliers are
available , use is permissible.

a. Agent , Parting , Silicone Grease , 400°F minimum decompositio n temperature

Dow Corning “High Vacuum Grease”
Dow Corning Corporation

b. Adhesive

(1) Gaco N-29 Cold Bond and N-39 Accelerator (BAC 5010, Type 53)
Gates Engineeri ng Company

(2) PR1527M with PR1523M , Primer (BMS 8-81) Products Research Corporation

c. Braid , flat woven , synthetic fiber , 0.0125 + 0.00 30 inch thick and 0.070
to 0.100 inch wide , color whi te or tan , unwaxed. Mil dew resistance
effectiveness in accordance with MIL-T-43435 and 48 pounds minimum
breaki ng strength .

(1) Airtex 417X (Dacron), Associate d Suppliers Co.

(2) No. 170 (Dacron), Western Fishing Line Company

(3) Dacron Flat Braided Lacing Tape , G.E. Finish
Heminway and Bar tlett Manufacturi ng Company

d. Braid , flat woven , fiberglass , Tefl on coated , approximately 5/64 inc h wide
by 1/64 inch t h i c k , minimum break ing strength 45 pounds .

(1) #TG-30, Bentley Harris Manufacturi ng Co.

(2) #TG-476, Dodge Fibers Corporation
- - e. Coating , Spray , Protecti ve , Removable , Spraylat #SC1O71, Spraylat

Corporation -

f. Coati ng , Spray, Protective , Nonremoveable

(1) Acrylic Aerosol Spray -

Tartan #91-1 , Rudd Paint and Varnish Company
Krylon #1303, Kryl on Incorpora ted

(2) Varnish , Moisture , and Fungus Proof, lAW MIL-V-173
Sprayon #608, Sprayon Products , Incorporated
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3.0 (Continued)

g. Foil , Pri nting 1—1/2 and 3 i nch widths

(1) Kingsle y Stamping Mach i ne Co.

(a) K-36 Genera l Purpose

(b) K-46 Nylon

(c) KFP-16 Black Surface Treated Teflon

(d) K-289 White Polyethylene

(2) M. Swift and Sons , Incorpora ted

(a) C20114 Black Surface Treated Teflon & Genera l Purpose

(b) C20118 Black Surface Treated Teflon & General Purpose

(c) C20206 Wh i te Genera l Purpose

(d) C2O11O Black Nylon

(3) Howme t Corporation , Roll Leaf Division

(a) 5821 Black Genera l Purpose

(b) WW99 Black Surface Treated Teflon

h . Ink, Mar k ing

(1) #73X-NW , Black , Inde pendent Ink , Incorporate d

(2) W. E. 42 Paste Ink , White , Genera l Printin g Ink , Incorporated

i. Paper , L i n e r , Creped-Kraft, width as require d

(1) No. RP36O , 3M Company

(2) Permacel E13734 , Permacel Division , Johnson and Johnson , Inc.

j. Ribbon , Printing

(1) IBM 143341 (for IBM 407 Printer)

(2) IBM 1403-OCR No. 424325 Black (for IBM 1403 Printer)

(3) IBM Cartrid ge #1136108 (for IBM Selectric typewri ter)

(4) H&M Gold Star #37 (heavy black) (for IBM Selectric Typewriter)

(5) Singer (Friden) #4003030 (for Singer (Friden) Flexowri ter typewriter)
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3.0 (Conti nued)

k. Sleeving, insulatin g , fiberglass , silicone rubber covered , fungus resis-
tant treated, color wh ite , Class H-B-i meeting performance requirements of
MIL-I-3190, in standard sizes as required.

(1) Turbo 117, Brand-Rex Division , Ameri can Enka Corp.

(2) Class H-B-I Type SR-9 , Varfiex Corp .

m. Sleeving , identif ication , f iber glass , Kel-F sus pensoid treated , in
standa rd sizes as required , Gencote 125C , Genera l Plast ics Cor p.

n. Sleeving , insulation , electri cal , flexible in accordance with MIL-I-7444 ,
Type I l l , Class 2, color yel low

o. Strip, po lyvinyl alcohol fi lm, perforated, 17/64 or 3/4 i nch spacing on
diagonal , 3 mil th ick x 3/4 or 1 i nch width .
Reynolds Metals , Plast ic Division

p. Stri p, plastic viny l (PVC), trans parent , flexible (material same as for
sleevi ng in accordance with MIL-1.-7444), 0.020 + 0 .0015 inch thick , 3/4
or 1 inch widths.
Str ip-Plastic No. CT93 , Borden Co., Chem ical Division , Resinita Department

q. Stri p, plastic , polyvinyl chloride , black opaque , nonrigid , Ty pe F , form
Ts , Class , Cate gory I, in accordance with MIL-I-631 , 0.020+0.0015 inch
thick , width as required (tolerance + 5 percent) in 1/4 inch increments.
Plymouth Rubber Company

r. Strip , silicone rubber , sel f bonding , 0.020 inch th ick x 1 i nch width.
Permacel 2650
Permacel Division , Johnson & Johnson , Incorporated

s. Tape , Electrical Polyvinylch lor ide , pressure sensitive , yellow or black ,
opaque , 0.007 + 0.00 1 inch thick , width as required (tolerance 0.06 i nch )
in 1/4 inch inc rements .

(1) Permacel No. 29 (specify yellow or black)
Permacel Division , Johnson & Johnson , Incorpora ted

(2) X-1235, Prebacked (specify yellow - not available in black )- 3M Co.

t. Tape electri cal , glass cloth-backed, wh ite , pressure sensi t ive , according
to MIL-I-19166 widths as required in 1/4 i nch increments .
Mystic Brand #7000, Mystic Ta pe , Inc.

u. Tape Masking , creped, various widths - Purchased from any available
source.

v. Tape, paper backed cloth , viny l impregnated
B-500 + specify color , width , and type of backing , W. H. Brady Company
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3.0 (Continued)

w . Tape , po lyviny lchloride , pressure sensitive , red, opaque , width as
required in 1/4 inch increments , Parmacel No . P-32, Perinacel Div ision ,
Johnson & Johnson , Inc.

x. Tubin g , shrinkable , hea t reacti ve plastic

y. Tub i ng , shr i nka b le , heat reactive plastic according to BMS 1-41 , Type 5,
sizes according to BACT63B

4.0 FACILITIES CONTROL

The print i ng devices l isted below are suggested. Equivalent models or
dev ices may be used provided all marking requirements are met.

a. Ent ossing Machines

(1) Ki ngsley Wire Ma rking Mach i ne Model KW- 7 for sleeve and tube marking .

(2) Kingsley Wire Marking Machine Model AW3.

(3) Kingsley Wire Marking Machine Model AW IV.

(4) Kingsley Wi re Marking Machine Mode l AWIVC.

(5) TAB Wire Marking Machine Model MA-200 .

b. Cold Imprinting Mach ines

(1) Singer (Friden) Automatic Typewriter , Mode l 22O 1 Flexow ri ter- -

( 2 ) IBM Selec t r i c

( 3) IBM 407 and 1403

5.0 MANUFACTURING CONTROL

5.1 GENERAL REQU IREME NT

a. All markin g shall be of sufficient size and definition to be legible and
of a permanent nature . -

b. The characterisitcs of the wire or cable shall not be impa i red by the use
of any marking device or by the remova l of marki ng when required.

c. Metallic markers or bands shall not be used for identification .

d. The info rmation for i dentification , mate-with , and P .1. markers shall be
obta ined from the Engineering drawings .

e. Identi fication of wiri ng in furnished equipmen t shall not be altered
unless authorized by the procuri ng activity .
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5. 1 (Con ti nued )

f. Required marking on cables and bundles attached to connector plugs and
receptacles shall be applied outside potting material or adapte r clamps .
The marking shall be outside any sealant or wrapping under the cable
adapte r clamp .

g. Wires in permanently concealed runs shall be identified at the entrance
and exi t points of the run and at any additional points speci fied by the
drawing .

h. Where space permits , marki ngs on cables and harnesses shall not conceal
other ma rkers.

1. All ordnance markings shall be red, and marked in white with the work
“ORDNANCE” .

j .  Make every effort to locate termi nati ng point i denti fi cation so that ties ,
clamps , supporting devices , shieldin g, and terminals do not have to be
removed , or the cable twisted in order to read the identif ication .
Te rminating point identifi cation which falls on the unders ide of the
wi re or beneath a tie are acceptable if they can be easily read by the
use of an inspection mirror or by movi ng the tie.

k. Heat shrinkable tubing installation an d size selection shall be performed
in accordance with good standa rd procedure .

5.2 INDIVIDUAL CABLE MARKING

5.2.1 Selection of Marking Method

5.2.1.1 Identification Markers (Di rect Imprinting)

a. Use a hot embossing machine to mark cable surfaces which provide good
contrast with the most suitable ma rking foil from the materials l ist,
or, if ink jet marker is available , the most suitable ink i dentified in
the materials list or by the supplier.

5.2.1.2 I denti fi cati on Markers (Impri nted Tub i ng or Sleeves)

a. Cables that provide poor contrast when imprinted with marking foil , and
cables which will not accept or retain a clear machine imprinted
identification shall be identified as follows :

(1) Use yellow heat-shrinkable tubing (3.Ox) to i dentify wiring
contained in areas with temperatures below 200°F which is not
directly imprinted.

(2) Sleeving may be used as an option in place of heat-shrinkable
tub i ng for wi re identification . The sleeve shall have the smallest

-. practicable diamete r wh ich wi ll fit over the wire .
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5.2.1.2 a. (Continued)

(3) When specified on the Engineering draw i ng , for use in high temper-
ature areas (above 200°F), markers shall be made from sle ev i ng.

b. Identif ication (number and color code) for individual cables conta i ned
in jacke ted bundles shall be instal led on the ca b le ou ter cover i ng us i ng
hea t-shrinkable tubing or imprinted s leeves.  The color coding as shown
below shall be spaced so that it does not appear as an integral part of
the cab le number.

Blu - Blue Yel - Yel low Gm - Green
Brn - B row n Red - Red Orn - Ora nge
Blk - B l a c k  Wh i - Wh i te
Gra - Gray Vio - Violet

When a multiconductor cable is bro ken out into individual branches which
are 12 inches or shorter the cable marking shall  be suf f ic ient .  Ind i v i-
dual branc hes longer than 12 i nches shall be marke d i n ad diti on to the
no rmal ca b le markin g.

c. Split identif ication sleeves may be used to replace defective s leeves.
Split sleeves may also be used to identif y wires at termi nating points .

5.2. 1.3 Identif ication Markers (Imprinted Adhesive Tape)

When specif ied on the Engi neering drawing , paper -backed viny l impregnated
cloth ta pe shall be used to identify elec tric w i ring.

5.2 .1.4 Or dnanc e Ma rkers

Ordnance markers sha ll be made from red heat-shrinkable tubing marked in
white with the word “ORDNANCE” .

5.2.2 Location of Marking

5.2.2.1 Identification Markers

a. These markings shall be located at intervals not greater than th ree
i nches except as noted in b. and c. below .

b. When specified on the Engineering drawing , for electronic equipment and
interconnects in aircraft or missiles , the markin gs shall be within
three i nches of each end and at intervals not grea ter than 15 i nches
between end marks.

c. Lengths less than three inches long shall not require marking .
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5.2.2.2 Ordnance Markers

Ordnance markers shall be located as near as possible to the wire ends and
at intervals no greater than 15 inches throughout the cable length .

5.2.3 Marking Application

5.2.3.1 Di rect Impri nting

a . Select the size of type which is appropriate for the cable to be marked.
The curva ture of the type face should approximate the surfa ce curvature
(See Fi gure B-4-1).

Wi re Wire Wire

~~Oi~~] rHAB
~~
r
~~~~

i
Height of Type

Height of Type Heigh t of Type Face , Vertical
Ty pe Face Face , Horizontal Type

Type

FIGURE 13-4-1

b. Tabl e B-~-1 gives the ranges of type face hei ghts for corres pond ing
diameters which will produce the optimum mark with the l eas t penetratior l
of the type into the oute r surface .

TABLE B-4-1

WIRE SIZE AND TYPE FACE HE GUT 
_____

______ 
Kingsley ~ype Wire 0.D. Trojan Type

Type Identification M~nim rn Maxim m Ty pe Identif i ca ti on
Height Number 1 u u He ight Number

0.025 VC-24 0.035 0.025 0.025 Vertical Type
_ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  — 

AP 2O4 JIIi~)
0.025 VC-24 0.040 0.061 0.040 AP1O4

Q.050 DS 0.052 0.076 0 .050 AP IOS
1/16 RS 0.068 

— 
0.096 0.050 AP 1O 5

1/16 RS 0 .075 0.106 0.070 AP 1O6 ~~5j~~~~ - 
S O .~i95 0.165 0.080 AP1O8 !D

7/64 L 0.162 And 0.109 AP11O ED
Larger

1 AP 1O4 (Optional)
2 AP1O5 (Optional)
3 AP 1O5 or AP 1O6 (Optional)
4 AP 1O5 , AP 1O6 , or AP1O8 SIZE CODE DENT . NO.

(Optional) A 8 1 205 0180-24693-2

SCALE jREV (SHEET 47
DI 4 3 5 5  2000 R E v .  ~~~~ 66

— —

, 

—
i

------ 
IS -i ~~i__ . 7 

__________________



V

5.2.3.1 (Continued)

c. To prevent uneven depth marking , make sure that type fa ces are clea n an d
that all cha racters are set in the same plane . Plated and unp lated type
may be of different lengths and should not be used together.

d. Select a ma rking foil as s pecif ied in the materials l ist for the jac ket
ty pe being marked.

e. Adjust machine pressure , temperature , and dwell time to provide markings
for best le gib ility . Mar kings s hall be cons id ere d permanen t if le gib le
after being subjecte d to the tes t s pec i fied i n the tes t methods .

5.2.3.2 Imprinting Tubing and Sleevin g -

a. Pri nting on hea t shrink able tubing and sleeving shall be accomplished by
hot embossin g as on wire insula tion. Printing sh all be along the length
of the tub ing or sleev i ng. Heat shri nka b le tubi ng on ban dol i er or w ith
similar type backin g in tubing may also be printed with a Friden auto-
matic typewr iter , modified as necessary , and using pri nting ribbon.

CAUT ION : Exe rcise care not to smear markin gs on tub i ng immediately after
print i ng wi th Fri den ty pewri ter. Prin ti ng is not permanen t for
up to 1/2 hour after typi ng .

b. In mos t cases fla t-fac ed typ e w i ll be use d with a f lat anvil . Ver y
small size tubing or sleeving may be marked with curved face type and
a wi re gui de if the mark i ng requiremen t can be met .

c. For ho t embossing, the im printing type temperature shall be 400°F
minimum (ind;cated temperature) . Use printi ng foil specified in
Table B--4-2.

TABLE B-4-2

HOT EMBOSSING FOIL

Tub ing or Sleevin g Foil
Type Type

_ _ _ _ _ _ _ _ _ _ _  — _ _ _ _ _ _ _ _ _ _

3.Ox . _3.Og.
3.On . 3~~j .
3.Om. 3.Og.(1)(a)

3.Og.(2)(a)

3.Oy . 3.0g.
3.Ox . (Ordnance) 3.Og.(1)(d)

__________________ 

3.Og.(2)(c)
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I

5.2.3.3 Imprinting Adhes i ve Tape

Pri nt identi fication on the tape in accordance with 5.3.3.2.

5.3 W IRE HARNESS MARKING

5.3.1 Selection of Harness Marki ng Method

5.3.1.1 Identification Markers

Identification (part number) markers shall be as fol lows :

a. Use tape (3.Os., yellow) or heat-shrinkable tubing (3.Ox., yel l ow).

b. When speci fied on Engineering drawing , for use in high temperature areas
(above 200°F), markers shall be made from tape (3.Ot.) or sleevi ng
(3.0k . or 3.Om.).

5.3.1.2 Mate-Wi th Markers -

Connector mate-with markers shall be as fol l ows :

a. Use tape (3.Os., yellow) , sleeves (3.On.), or heat-shrinkable tub i ng
(3.Ox., yel l ow).

b. When specifie d on Engi neering drawing , for use in high temperature a reas
(above 200°F), markers shall be made of tape (3.Ot.) or sleeving (3.0w.)

5.3.1.3 Production Illustration (P .1 .) Markers

P.1. markers shall be made of tape (3.5., yel low) unless otherwise specified

5.3.1.4 Ordnance Markers

Ordnance ma rkers shall be made from tape (3.0w., red) , or heat -shrinkable
tubing (3.Ox., red) marked in wh ite wi th the word “ORDNANCE ” .

5.3.2 Location of Harness Marking

5.3.2.1 Identification Markers

These ma rkers shall be loca ted as near as possible to each end of the wire
harness , and at intervals no greater than 6 feet, throughout the length of
the harness.

5.3.2.2 Mate-With Markers

These markers shall be placed on the connector or on the wire harness wi thin
3 inches of the rear face of the connector groninet , but not close enough to
cause misalignment of contacts due to pressure on wires.

5.3.2.3 Production Illustration (P.1. Markers )

These markers shall be loca ted in accordance with Enginee ring drawings .
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5.3 .2.4 Ordnance Markers

These markers shal l be located as near as possible to the ends of the wire
harness and at intervals no greater than 15 inches throughout the length of
the wire harness.

5.3.3 Markin g App li cation

5.3.3.1 Impri nting Heat-Shrinkable Tubing and S leeves

Impri nting heat-sh rinkable tubing and sleeving shall be accomplished as
s pecifie d in 5 .2.3 .2 .

5.3.3.2 Imprinting Adhesive Tape

a. Tape which is not prebacked shall have the adhesive protected with
backing pa per (3.Oi.) during this operation. Tape shall be marked by
direct embossing or printed with an automatic typewri ter (4.Ob .) as
follows :

(1) Direct Embossing — Apply marking using a hot stampi ng machine
(4.Ob.) with 1/8 inch hi9h printing ty pe and wi th type regulator
set at approxima tely 450°F . Use printing foil in accordance wi th
Table B-4-3.

TABLE B-4-3

HOT EMBOSSING TAPE & FOIL

Tape Ribbon

3.Os . (Yellow ) 3.Og.(1)(a)
3.Og.(2)(b)

-~~~__ _ _ _ _ _ _  
3 .Og . (3 ) (a J

3.Os . (Black)  3 . Og . ( 1) (d )
_____________ 

3.Og.(2)(çj

3.0w. (Red) 3.Og.(1)(d)
3.Og.(2)(c) 

-

(2) Automatic Typewri ter - Apply marking with an automatic typewriter
using tape and ribbon in accordance with Table B-4-4

TABLE B-4 -4
AUTOMATIC TYPEWRITER TAPE & RIBBON

Tape Ribbon

3.Ot. 3.Oj.(3)
________________  

3.Oj~(4) —

3.Os. (Yellow ) 3.Oj.(3)
3.Oj.(4)

— ~~~~~~~~~~ — -.— — I
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5.3.3.2 (Continued)
‘4

b. Pri nt across the width of the tape. The pri nti ng shall be wholly
contained on the tape .

c. The P.1. mark and the letterin g on the ma rker must be printe d syninetri-
cally to the centerline of the tape in accordance wi th Figure 2.

d. Print the marking repetitively (except according to 5.3.3.2e.) on a
continuous tape . Space between each marking shall be at l east twice the
line spac i ng but not to exceed 1-1/2 inches , howeve r ta pe len gth s hall
be such as to accommodate at least two complete markings . See
Figure B-4—2 for typical Marking Bands.

Center Letteri ng
and P.1. Mark on tape

(
J 

_______ _________

- W452 P4 TYPE DES IGNAT ’)R I—L M/W PART NO.j  P.1. MARKER 300A 1 J4 I FSN :
i.. MFR : SER:T W452 P4P.1. MARKER M/W ~~ TYPE -DESIGNATOR

300A1 J4 PART NO. x
C 0  FSN: °~~~S.-
~~~~~~ P . 1 .  MARKER W452 P4‘7

_____ 
MFR: S[R: ~~~M/Wo_ U

~ P.1. MARKE R 300A1 J4 - TY PE DESIGNATOR-I
a)

I W452 P4 PART NO.
FSN :‘—~~~-~ P.1. MARKER M/W MFR: SER:a) 300A1 J4C-)

TY PE DESIGNATO R
~ P.!. MARKER W452 P4 - PART MO .M/W FSN :P.1. MARKE R 300A1 ~ MFR: SER: _

W452 P4
M/W
300A1 J4

MATE-WITH IDENTIFICAT ION
MARKING MARKING

FIGURE B-4-2. TAPE MARKING BAND , REPETITIVELY PRINTED

p
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5.3.3.2 (Continued)

e. On ident i f ica t i on b an ds repe t i t i v e  p r i n t i ng on the same ban d i s not
necessary i f the ca b le or w i re harness i s lon g enou gh to re qu i r e  at
least two i dent i cal i den t i f i cat ion bands , in accordance wi th  5 .3.2.1
or 5.4.2.1. See Figure 13-4-3.

1— TYPE DESIGNATOR
PART NO.
FSN:
MFR: SER:

.‘u
xo ~S.-

C0
Il L)

—I >(

I_ _  
-
.

IDENTIFICATION BAND
WITH SINGLE PRINTING

F I GURE B-4-3

f. Markin g bands of tape mus t have the information printed repetitively,
even if only one complete nomenclature can be read without unwrappin ~the ta pe. This  assures at least  two source s from wh i ch to reconstru ct
in format ion  from worn , one—of -a-kin d cable bands. Ma te-With Marking
bands and P.1. Marke r bands appear once on ly on each cable or w i re
harness regar d less of len gth .  There fore , they must always be printed
repeti ti vely if marking tape is used , because the printing on ta pe is
less permanent than hot s tamped p r i n t i n g .

g. Cure markings on tapes pri nted with an automatic typewri ter by one of
the follow i ng methods .

(1) Process marked tape through an infrared heating unit .

(2) Apply heat from a 500°F rated a i r  gun . Exposure shall be from one
minute  to fi ve mi nutes maximum . Dis ta nce from the tape s h a l l  be
6to7inc he s .

(3) Apply a light coati ng of Acrylic Aerosol Spray (3.0f.(1)).
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5 .3 .3 .2  g. (3) (Continued)

j~ AUT IO N :] Fol low manufacturer ’s ins t ruc t ions  pr in ted  on the
container . The spray may not be used in electri c
wiri ng or part assembly areas .

h. Marking shall be cons i dered permanent if it is legible afte r being
subjected to the test specified in 5.6.1.

5.4 CABLE MARKING

5.4.1 Selection of Cable Ma rking

5.4.1.1 Jacketed Cables

Cables shall be marked using the appl i cable method indicated in Table B-4-5.

TABLE B-4-Li

CABLE JACKET MARKING GUIDE

Marking - Shrinkable Tied-On Adhesive Direct
Method Sleeve Sleeve Tape - Em boss in g

laterial 
(3.Ox.) (3.0k.)

leoprene Do Not Do Not
Use Use

Polyurethane Do Not - Do No t
Use Use

Po lyviny l ch l or ide  Do Not
(PVC) Use

- 

Polyeth yl ene U) ED U) [
~~I)

eflon ED Do Not
Use

ly 1 on ED [
~~
) [

~~
) Do Not

Use

ft~~~ Use this method unless otherwise spec i fied on Engineering drawings.

~~~~~~ Use this method only if speci fied on Engineeri ng drawings.

ft~~~ 
Use this method (tape 3.Os., yellow) for rework on cables with dama ged
marking sleeves .

~~~ Use this method (tape 3.Os., black) only when specifi ed on the
Engineering drawings.
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5.4.1 .3 Polyurethane Connector Moldings

a. When specified on the En gineering drawing , polyurethane connecto r
mol dings shall be marked with white ink stamping with a clear acrylic
overcoa t.

b. When speci fied by Engineering drawing, adhesi~ e patches per 5.4.3 may
be applied to connector moldings. .

5.4.1.4 Polyolefin Heat-Shrinkable Boots

When specif ied on. the Engineeri ng drawing , mark ing shall be applied to poly-
olefin heat-shrinkable boots by wh ite ink stampin g wi th overcoats of clear
acryl ic  and abras ion res i stant  va rn i sh .

5.4.1.5 Cadmium-Plated Connecto r Backshells and Fittings

When spec i f ied  on the En g inee r in g drawi ng, markin g sha l l  be a pp l i e d  to
cadmi um-plated connector rear hardware by black ink stamping with an acrylic
overcoa t.

5.4.2 Location of Bund le Marking

5. 4.2 . 1 I d e n t i f i c a t i o n  Markers

a. On ca5les over six feet long , these markers shall be located as near as
possi ble to each end of the cable jacket.

b. Cables six feet long , or shorter , sha l l  be i d e n t i f i e d at the a pp roxima te
center.

c. Breakouts of individual cables shall be marked as required in 5.2.1.2b .

5.4.2.2 Mate-With Markers

Mate-wi th ma rkers shall be located on the connector or on the cable adjacent
— to the connector . When speci f ied on the En gi neer i ng drawin g, the y s h a l l  be

p laced on the molding , boot , or ba c k s h e l l .

5. 4.2.3 Production Illustration (P.1.) Mark ers -

P.1. markers sha ll be loca ted in accordance with Engineering drawings.

5.4.2.4 Ordnance Markers

Ordnance markers shall be located as near as possible to each end of the
cable jacket and at intervals no greater than 15 inches throughout the
length of the ca b le.
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5.4.3 Marking Application

5.4.3.1 Printing on Adhesive Patches

This procedure describes the color transition marking of the green surface
Hypa lon laminate . Heated areas of the patch chanqe from green to yellow
producing a contrasting -le gible marking which is inherently permanent.

Preparation of Patch for Printing :

a. Spray or brush a thin layer of “spra y la t ” (3.Oe.) on the rear (blac k
side) of the lami na te stock. Al low a minimum of 90 minutes dryi ng time
at normal room temperature before triming the patch to size .

CAUTION : Do not spray in electric wi ring or part assembly area .

b. Cut the patch , after drying , to the dimensions shown in Figure 4, takin g
care not to delaminate the patch nor separate the “s pray l a t ” coa ting
from the patch . For patches requiring more than three lines of type or
more than 20 characters and spaces per line , dimensions A and B may be
increased p ro por tion a tel y. M i nim um ed ge mar g in re quirements  of 5.4.3.lc
must be maintained . Patch size tolerance is 4- 1/4 i nch .

Patch Type Dim. ”A” (Inches) Dim . “B” (Inches)

Identi fication 
- 
3/4 3 

—~~~~~~

3/4 3/4
Mate-With 1/2 

_ _ _ _ _ _ _ _  
1 1/4

_ _ _ _ _ _ _ _ _ _ _ _ _  
3/4 1 1/4 or 3

P.!. Marker 3/4 1 1/4
Reference
Designator 1/2 1/2

ii i__
B -

~
-
~ 3/32 + 1/32 Radius

(Ty~ical)

FIGURE 4. PATCH SIZES
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5.4.3.2 Printing on Polyurethane Connector Moldings

Mark polyuret hane connector moldings using method specified on Engineering
drawing (adhesive patches or ink stamping).

a. Adhes i ve Pa tches

‘I Ap ply marking to adhesive patches as specified in 5.4.3.1.

b . Ink Stam p in g

(1) Use rubber stamps with a character height of 1/8 to 1/2 inch . On
sma ll com ponents , where s ize  i s a l i m i t i n g factor , 1/16 inch
cha racter heigh t may be use d .

(2) Abrade the area to be marked with an aluminum oxide grit drum ,
d i sk , or rotary f i le.

(3) Clean surface to be printed with aliphatic naphtha . Wipe dry with
clean material and then a l low sur face to a i r  dry for ten mi nutes .

(4) Use white paste ink (3 .Oh . (2 ) )  without thinning . A pply a sma ll
amount to a clean sheet of glass or meta l and roll out to a smooth
layer. Apply ink to the prepared area using rubber stamp .

(5) Air dry until tack-free and for an additional ten mi nutes .

(6) Overcoa t markin g with a light coat of acrylic spray , 3.Of .(1).
When tack-free , apply an additional coat to achieve a glossy ,
continuous coat ing . Air dry for ten minu tes .

CAUTION: Do not spray in electric wiring or part asseribly area .

5.4.3.3 Printing on Polyole fin Hea t-Shrinkable Boots

Ma rk polyolefin heat-shrinkable boots by ink stamping as follows when
specifie d on Engineering drawings.

a . Use rubber stamps with a character height of 1/8 to 1/2 inch. On sm all
componen ts , where size is a limiting factor , 1/16 inch character he ig ht
may be used.

b . Abrade the area to be marked with 400 grit abrasive paper .

c. Clean surface , ap p ly mark ings , a i r  dry , and overcoat with clean acrylic
as specified in 5.4.3.3b.(3) through b.(6).

- - d. Overcoat clear acrylic with abrasion resistant varnish (3.Of . ( 2 ) ) .

; [S IZ E CODE IDE NT. NO.

A 8 3 205 D18O-24693-2

SCALE 15~~
E E T  56

D l  4)14 2000 R E V .  4/7) 75 JI~~04,

— - —•— —— — -,——.• ~~~~~~~
— - - — - ——  - _________ ________

- :-~~~~~~~



5.4.3.4 Printing on Cadmium Plated Connectors Backshells and Fitti ngs

Mar k cadmium plated connector hardware by ink stamping as follows when
specified on Eng ineering drawings .

a. Use rubber stamps with a character height of 1/8 to 1/2 i nch . On small
componen ts , where size is a limiting facto r, 1/16 inch character hei ght
may be used.

b. Clean surface to be pri nted with aliphatic naphtha . Wipe dry with clean
material and then al low surface to air dry for ten minutes .

c. Apply black ink (3.Oh.(1)) to the prepared area using rubber stamp .

d. Air dry and overcoa t with clear acrylic as specified in 5.4.3.3b.(6).

e. Overcoat cl ear acrylic with abrasion resistant varni sh (3-.Of.(2)).

5. 5 INSTALLATION OF MARKERS

5.5.1 Attachment to Pol yure thane Molde d Parts

Bond patches to molded parts using procedure specif ied , except roughen ing
of the molded part prior to cleaning is not required . -

5.5.2 Heat-Shrinkable Tubing

Shrink in place in accordance with good standard- practice .

5.5.3 Tied-On Sleeving

a. T ie all sleeves at both ends wi th braid (3. Oc . or 3 .Od. ) using square
knots unless the axial movement is restricted to one inch or less by
obstructions such as bundle ties , clam ps , or shielding .

b. On teflon insulated wire , two wraps of 1/2 inch tape (3.Ot.) shall be
appl ied , centered unde r the sleeve , before tying .

5.5.4 Adhes i ve Tape

a. After p r i n t i ng , wrap 2-1/2 + 1/2 turns of the tape around the wire , wire
harness , or cable jacket , so that at l east one complete nomenclature
appears on the outermost layer.

b. Where a complete nomenclature would not appear on the outermost wrap,
apply tape around the circumference for one turn and pinch excess end
l engths together to form f l a g. Fold flag back around an d tie at both
ends of tape wi th brai d (3.Oc.), using a square knot , as necessar y to
preclude flag damage during handlin g and installation .

c. P.!. ma rker tape flags , and flags inside equipment, are not requ i red to
be folded back and tied with braid unles s the cables or wire bundles are
to be pulled through conduit or other restricted openin gs which may
result in damage to thc flag .
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5.5.4 (Continued)

d. When printed adhesive markers are to be ins talled over vinyl sleevin ,~do not use p ress u re sensi ti ve ta pe di rec tly a pp l ied . T he use of
adhes i ve tape is acceptabl e provided the adhesive does not come in
contact with the vinyl sleeving. This may be~accornplished by folding
the tape back on itself and wrapp ing around the sleeving . If there is
a possibility of the tape sliding on the cable , fasten securely by tying

• both ends of the tape with braid (3.Oc.) using a square knot.

5.6 TE ST METHODS

5.6.1 Permanent Marking Test

Mark in g sha l l  be cons i dered permanent  i f  i t  is l eg i b le a fter bein g su bjecte d
to 20 strokes from a wire mark abrasion tester using a 1/16 inch gray felt
abras ive in accordance with Federa l Specification C-F-206 , Type I, Class 9R4
Opera te the tester eithe r manually or under power on 3 or more imprints no
sooner than 2 minutes after the coding operation if the mark is applied with
a hot stamping machine , or no sooner than 4 hours after marking and curi ng
if the mark is applied with a cold stampin g machine (automatic typewriter ).

6.0 QUALITY CONTROL

a. Quality Control shall perforn l surveillance of marked cables and
harnesses to ensure conformance wi th the  requirements of this
specification . Particular attention should be paid to the following:

(1) Correct markin gs placed on cables and harnesses .

(2) Correct placement of markings on cables and harnesses.

(3) Legibilit y of markings.

(4) Use of prope r type marking for cable jacket ma terial and wir e~.

(5) Veri fication of tests specified in 5.6.

b. Qua l i ty  Con trol sha l l  ensur e that  the opera t i on of any device use d for
the mark in g p rocesses ment ioned in  th i s  s pec ifi ca t ion conforms to the
requirements .
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APPENDIX C
FABRICATION & INSTALLATION PROCEDURES OF ALL E-3A

OPTICAL FIBER HARNESSES/LINKS

AIRP LANE ROUTING AREAS 
-

The airplane routing a reas where the harnesses are install ed are shown in
production illustration d rawings 180-59000 and on. The environmental extremes
in these areas are described in MIL-E-5400. Of special interest is the wheel
we l l  area . Ca b l es i ns ta l l e d  i n this  area are su bjeCted to the b roa des t ran ge
of temperatures and physical shocks on the airp~ane . 1n addition , acci den ta l
damage from repairs or changes to wh eel tires or trucks , flaps~.or conduit ,
from win d whippin q , ice/water loading , rock or bird impact , or fluid con tamin-
ation from hydra ulic fluid , anti -icing compounds , jet fuel , or clean i ng com-
poun ds is po ssi b le . S i nce truc k fi res must be posi tive ly con ta ine d w i th i n
the wheel wel l  area , ins ta l l a t i ons mus t ma i nta in  p resent com pon en t i n tegr i ty .

In order to meet the environmen tal requirements for this area , spec ial
installat ions are necessary . The present ins tallation is made up of conduit-
protected routi ng where the greatest danger of adverse exposure and the
maximum flexure occurs ; a special pressure bulkhead fitting is used to
penetrate the bulkhead with integri ty. Similar fixtures are necessary to
install the fiber optics cables .

0
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FIARI~L[SS DESCRI PT IONS

Each of the harnesses is clearly identified with a tape imprint ed with the
follow i ng information:

Harness identification is contained on blue tapes wIthin 12 inches of each
end of the bundle w i t h  the harnes s and dash numbers printed in characters
1/8 - 1/4 inch high .

F irs t end - Where conduit or restricted area space does not permit a connector
to be threaded through on the cable , the firs t end shall have the connector
installed and in stallation shall comn~ nce from its mate -wi th location . The
unterminated end shall be taped or otherwise protected so tha t the individual
finished fiber optic surfaces are protected and the entire cable is taped to
both protect ami d prevent separation of the individual fiber optics cable s .
If this is not accomplished in wire prep, the protection should be app l ied
befo re l e a v i n g the shi ppi ng con ta i ner .

P1 flags - The bundles have green tags without markings . These correspond
with location marker arrows shown in the P1 drawings . When the bundle is
properly installed , the green tags will be installed under the clamps .

- - - Ma te-w i th marker - Within 6 inches of each connector is a yellow identific a-
tion tape which lists the connector equipmen t number and the equ ip il en t number
of the receptacle with which the connector is mated.
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IDENTIFICATION OF FIBER OPTICS CABLES AND HARNESSES

Identify all cable and cable harnesses per Appendix A as noted.

Unless otherwise noted all harness iden tifi cations shall be located per
Figure C-i and dimension tolerances shall be +¼ inch. For overall shielded
wire bundles with Expando sleeving.

Per Harness Assy Drawi ng

~ 

Per th i s  documen t

No.

\ Harness Assy . P/N (Blue)
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _-- Mate/With (Yellow )

FIGURE C- i

Harnes s Part No.,  F/O ND., and Short T itle may all be on the same
I den ti f ica t i on Marker .

CABLE I DE N T I F I CAT ION

Use the followin g wire identification system: (see sample callout)

FØO1O1-099-20R
Harness Number— T [Jt~

___-_Color Code (if required)

Cable Number —Cable Size (if required )

Harness Num ber

The harness number as it appears in the cable identifi cation is the equipmen t
number assi gned to a specific harness by the cable harness Assembly Index
Draw i ng

Cable Number

The cable number as it appears in the cable identification consists of
sequenc ially assigned numbers . Jumpe rs and pigtails which are not assigned
cable numbers by the Harness Assembly Draw i ng do not require identi fication .

Color Code

Color code as i ndicated on the Ca b le Ha rness Assembly.
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INSTALLATION

SPECIAL HANDLING CAUTI ONS

Gl ass has low im pact and compressive strength . Neve r drop or hit the cable.

Glass has h igh  t ens i le  s trength b ut low tole rance td e longa t ion  an d s hear .
Microfractures otherwise unnoticeable may cause stress risers . Whipping ,
jerking, or flexin g which exceed the installation limi ts , even momen tarily,
should be avo i ded.

The contact surfa ces are precision finished and can be damaged by dust, oil
from your f i ngers , or by scratch i ng.

Leave the protecti ve covers in place until closing the connector.

Che ck al ig nmen t of the connector she l l s  when c lo s in g so that  the y ’re as
straight as possible.

Shocks over 100 g ’s can occur ins i de a connector by seemingly minor roughness
to the bundle  near the connec tor. Be careful  h a n d l i n g connectors .

SEQUENCE PLP1NNING

The se quenc e p l a n n i n g for the two harness es i s:

180-59001: Interrack Harness

Bun dle tie table with excess length allowed at both ends.

Form board fabrication with excess le: gth trimmed to with sufficient slack
allowe d for 3 subsequent retermin ations at each end allowed. At this step,
the ends must be ca pp ed off w i t h  ta pe or s h r i n k  s leev i n g and the en d taped
so no su b sequent dama ge may occur . -

Solder one (or laboratory functionin g as solder one) where both ends have
termi nations , connec tor halves , and backshell hardware ins tal le d.

NOTE: Protective end caps are necessary for subsequent shipping .

NOTE: Check con tinuity and proper pins .

Final assembly for ins tallation of cable but not end closure .

INSTALLATION STEPS

Harness 180-59001: Rack Integration Bundle

The 180-59001 harness will be installed in the same routing clam ps as the
204-51870-5 ha rness which it replaces . The firs t end is install ed at the
floor joint shown in the production illustration . 

-
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(Continued)

Leave the connecto r protective cap in plaCe until inspection is conducted.
Measure , without connecti ng , the distance between the mate-with connector and
the fi rst run clam p and allow sufficient length so that, when the cable
connector is mated, the cable directly behind the connector backshel l is not
stressed . The harness must not be installed wi th a~ f l ex point  at the
backshell; any flex distri bution must run evenly from the backshe ll  to the
fi rst cable clamp . See Fi gure C—2

FIBER OPTIC HARNESS CONFIGURATION

Harness confi gurations consist of fiber opti c lines and pairs of standard
wire that are twisted together. Various configurations are shown in
Figures A-2 and A—3.
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CENT ERLI NE STRAIGHT WITH CLAMPS EXIT TOLER F CABLE

1

I ~~~~~~~~~~~~ 1
CLAM P A
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-
- BETWE E~~CL~MPS // \ -

UP ILLIL 
:

1 /
INBOARD R ~ 1/3 0, BUT c 1/2 0
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. ~~~~~~~ CONNECTOR BACKSHELL

FORWARD L-. ~~~

A

ILl USTRATION 1: ACCEPTABLE INSTALL ATIO N

H
r - .

CRITICAL ST RESS - 
/ 
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PLANES ( ~ TOO MUCH SLACK ‘ 
/

ALLOWED - TOO LITTLE SLACK

- r ALLOWED
S 11! LU

- - 1S P.&~~ IS *1ST QtL~IiITT pMcrLcAaz3
no~ o~~x i~~as~~ ro ~~Q —

A B

ILLUSTRATION 2: UNACCEPTABLE INSTALLATION

FIGURE C-2. EXAMPLE INSTALLATIONS
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APPENDIX 0
ROUTING TECHNIQUES

1.0 INTRODUCTION -

The wiring in an aircraft is designed to withstand a broad range of adverse

thermal , mechanical , and chemical environments . The performance levels of

the installations have been determined by careful evaluation and trial and

error to such an extent that electri cal system reliability is taken for

granted. Even though a modern commercial or military airplane has thousands

of connectors with tens of thousands of individual contacts and the wiring

total lengths are measured in miles , a ma l function -circui t is rare .

Fiber optics is a new but similar field. Many of the lessons learned in

standard electrical wiring can be used as a starting point for designing

reliable fiber opti c installations . It is the purpose of this document to

summarize the design criteri a which apply to both standard wiring and fiber

optic cables and use this for a design base to establish a philosophy for

fiber optics routing. To do this , the fami li es of areas in the air p lane
where fiber op tics could be routed wil l  be grouped and cri tical des ig n
l istings made for each. The routing philosophy presently applied to each

area in designing electrical installations will be tabulated .

Finally, the comparative properties of fi ber opti c ca b les and electr ical
cables will be used to determine what changes need be made and hardware

developed in order to determi ne where fiber optic technology can be success-

fully utilized .
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2.0 SUMMARY AND CONCLUS IONS

An analysis was made of the routing techniques for fiber optic interconnects ,

comparing them with conventiona l electrical wire . Three main areas were

addressed . These areas were :

1. Hazardous/sensitive area about the aircra ft
2. The main aircra ft locations and the expected environmenta l conditions

3. Fi ber opt ic componen t ca pabi lit ies to operate i n ei ther of the two abov e
areas -

In addition , standard routing procedures app l icable to f iber opt i cs were

identified as par t of the overall routing techni que anal ysis .

The results of the analysis showed that fiber optics can now be safely routed

through hazard ous/environmentally stringent areas without sacrificing safety

or performance. This is true because the glass-on-glass fiber bundle can

withstan d tempera tures up to 600°C prior to so ftening . The other wel l -
established benefits such as no grounds and EMI immunity make the fiber

itself attract ive for most aircraft appl i cations.

There are some routing precautions with the fiber , however . It has been
reported that moisture has caused fi ber crackin g in stress ar eas such as i n
the bend radius . This w i l l  require s pecial moisture p ro tec t ion or rou ti ng
instruct ior.s that will clearly l imit tensile or compression loads and

excessive axial twisting, bend ing , and flexin g.

One disadvantage to fiber op tic i nterconnect sys tems is that si gnals cannot
be reliabl y term i nated or genera ted in hazardous/high temperature locations.

This is due to the temperature sensitivity of the active components , particu-

larly the laser diodes. During the analysis , it was found that the component

manufacturers d id not have the da ta that would allow a thorough analysis of

the componen t characteristics as a function of several different environmen tal

conditions . Although optical data was generally sufficien t , full parametr i c
characteristics were not identified. These characteristics include :

Stability versus temperature

Sensitivit y versus temperature
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• Acti vation energy

Radiation effects

Moisture/humidity resistance

• Stress (Mechanical)
I

Electrical overst ress effects on sources /detectors

Thermal shock

Contami nation resistance

Al though some resea rch is being di rected toward gathering data on the above
areas, the data does not exist to firmly state that fiber optics can be used

in all appl i cations and locations . The trends for the active components ,

however , indicate that the acti ve components may be used in hazardous/
environmentally stringent areas in the mid-1980’s.

Special routing techniques will also be necessary for termi nation and splicing
aboard the aircraft. Splicing areas may have to be designated in order to¶ allow for the necessary room and safety requirements necessary to make splices !
terminations . This is an additional consideration that is not needed for
conventional wire.

The area of splicing and termination as applied to field repair techni ques is
not wel l understood and will be addressed in subsequent phases of the program .

Until the equipment is develo ped to allow effective splicing of fiber bundles ,

the rout ing techniques  must  a llow for adequa te room to repair or replace a
broken fiber. An interim solution to this problem can be achieved by running
unused bundles in the harness . Then , if one bundle breaks , a spare would be
available and could be connected at the backshe ll of the connector . Although

this approach is feasible, it begins to defeat some of the projected cost
benefits of fiber optic interconnect systems .

The advantages to fiber optic interconnects have been explored and are well
understood. These advantages , the main one being the absence of electrical
current, will al low fiber optics to be applied in most areas of a military
type aircraft. The currently identified disadvantages to routing fiber optics
are :

-1
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Moistu re protection requirements

Active component reliability

Splicing/termi nation areas

Limited data base for routi ng concepts

The methods develo ped for routing conventional wire into an aircra ft are

believed to be sufficient for fiber optics . Precautions to address the
areas above mus t be considered in the fiber opti c routing techni que to allow
for successfu l installations . It is believed that the identified technology

problems can be resolved and that successful , reliable routing of fiber optics
will occur for all areas of a military aircraft by mid-198O ’s. -

C

~
j

.
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3.0 ROUT ING ANALYSIS

3.1 Basis for Routing

The installation of fiber optic cables in aircraft can be ~done using the
techniques adapted from the ins tallation and routing of standard electrical
and coaxial cables . The experience obtained in experimental commercial-type

installations and comparison of the properties of fiber optics cables with

comparabl e elect rical wire characteristics supports the feasibility of

adapting standard routin g techniques to installing fiber optics cables .

The performance standards of installed electrical -cables are tested with

well established procedure s and limi ts . The limi ts of MIL-E-5400 and

MIL-STD-81O defi ne a standard of performance to check the equivalent fiber
optics cables.

The installation procedures defined in Appendix B are based on standard

practices of airplane ins tallation . The installations produced have a satis-
factory history of withstanding airplane servi ce life . The installation and
routi ng of fiber opti cs cables in the same manner , then , can be expected to
provi de an equally serviceable ins tallation . -

The successful installation and routi ng of fiber optics cables in two Boeing
military -type airc raft (the ASW B-504 and the  YC-14 aircrafts) has shown
that prudent selection of the processes developed for conventional electrical
cables can be successfu l with fiber optics. This philosophy will be carried
forward in the analysis of routing techn i ques for fiber optics .

The primary areas to be analyzed in the routing of fiber optics are:

1) Where can fiber optics be routed in a military-type aircra ft?

2) What are the environmental constraints of the aircraft areas?

3) How mature are the fiber Optic components to withstand the required
environmental conditions?

These areas will be di scussed in the follow i ng sections.

.1
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3.2 Hazardous/Sensitive Routing Areas

The most obvious hazardous area that fiber optics can i mpact is the fuel
tanks. It is impe rative that no sparks be generated in this area in order
to elimin ate the advent of explosion . Similar “no spark” areas may exist
in armament storage bays or areas of gaseous mixture with air . MIL-E-5400P
consi ders explosion proofing as the i nability of componen ts to produce

arcing or spa rking .

With conventiona l electrical wirin g, explosive areas are generally to be
avoided because of the spark threat. However , when it is required to go
through a fuel  tank , for in s t ance, the followin g routing additions are made:

A metal conduit havin g a Teflon impregnated woven or wrapped glass fiber

liner or a similar protective coating is used.

• Al l wiring within the conduit mus t be flame resistant per MlL-W-25038 or
equivalent.

Bond resistance for fi re/explosion hazard area is appl i cable.

• A ll terminations in fire/explosion hazard areas should be potted or sea l ed

usi ng compatibl e material to prevent shorting or arcing .

This arrangement offers the greatest protection against fi res or exp losions
resulting from shorted or overloaded wires , which otherwise would ground to
the conduit wall and burn th rough .

Because fiber optics carries no electrical current , shorti ng or arcing is not

a possibility . Therefore , the costly and complex steps listed above can be

el imi nated without sacrificing safety. This makes fiber optic fuel indicators

and other control functions within fire/explosion hazard areas a reality .

High temperature areas also cause prob l ems in routing interconnect systems .
Typical hot areas include engines , engine nacelles , heaters , air conditioners ,

heat exchangers , and skin hot spot zones .

For conventional wiri ng , several precautions must be taken to prevent temperature

damage. These rules incluue:
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• Polyethylene dielectrics (used in coax) softens above 160°F. Bend radius
must be 100 at any temperature .

• Bundle/route low temperature general purpose wire sepaçates from high
temperature wi re and outside any area that may reach temperatures above

200°F.

Provide clearance , thermal insulation , or baffles between wiri ng and hea t

generating parts such as electron tubes and power resistors to prevent
deterioration.

• Route wires outsi de areas of therma l extremes.

• When routing wi res or wire bundles in areas where there is heated equipment ,

thermal anti-icing ducts , or cabin air conditionin g ducts , maintain the
maximum spacing possibl e between the wire and the heater equipment.

Here , again , fiber optics technology eliminates extensive temperature damage
protection schemes . Fiber interconnects , using a glass claddi ng over the
silica (glass-on-glass) can wi thstand temperatures up to 600°C-800°C before
softening occurs . Although the fibers can still be-functional above this

temperatu re range, it should be considered the upper limit of operation .

Because of the high temperature capability , most of the precautions listed

above are mi ni mi zed in fiber optics . Common sense , however , must still
prevail in that di rect contact wi th a heatin g element such as a power resistor

or heater heating element cannot be expected to extend the system ’s reliability .

As a general rule, fiber optics cables should remain at least two inches away

from heat generating sources .

Composite materials is a new technology that will be considered for future

aircra ft. The use of composites presents additional problems since the
I 

- 
shielding effects of the- alumi num structure will be lost. Shielding for

conventional wire will be manda tory to reduce EMI/RFI susceptibility , guard

against radiation (transmission) of da ta and protect against radiation

damage. Fi gure D—1 indicates some of the applications that require shielding

and would be parti cularly im portant in composi te structures .

~1
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The shielding requirements shown in Figure 0-1 are just a partial listing of the

rules that must be followed in protecting cables . The rules are extensive and
add signi ficantly to the cost of the system. Fiber optics would elimi na te

the need for this extensive grounding due to the fact thatt it does not carry
current. In fact, for the fiber optic harness selected for this prog ram ,

the conventional harness which contains 114 terminations of wi res, jumpers ,

shields , and ground was reduced to 56 terminations wires , shiel ds and grounds
in the new fiber opti c/conventional hybrid desi gn. This reduction was due to

the elimination of jumpers , shields , and grounds on the small signal lines

which were replaced with fi ber optics (the power lines remained in the new

harness along with the associated grounds and shields).

Fiber optics , therefore , can be routed in composite structures without

sacrificing cost, weight , and security . This is true not only in composites ,
but in other applications requiring extensive shielding or security . Security
is one area where fiber optics can be very beneficial . Because it does not
radiate energy or is di fficul t to tap into (particularly on an aircraft),
the use of encrypt ion techn iques wou ld not be necessary for on -board data
process ing and transfer of secure information .

In areas where interference couplin g control is manda tory to minimize EMI ,

special precautions must be taken wi th conventional i n t e r c o n n e c t  systems .

Because EMI can be induced on the wires , circuit desi gn criteria must be
impl emented. These factors include :

Balance of Circuitry

minimi ze capacitive coupling

• wi res covered with high dielectric insulation

• special isolation

• properly twisted wi res

Impedance of Circuit

• design for l owest practical impedance

• Bandwi dth of Circuit

noise increases with bandwidth
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Twisting the wires is a common practice in reducing mutual i nductance (for a
balanced circu it). Specific instructions are set forth to define and control

• the twistin g .

Fiber optics on the other hand cannot be affected by EMI. Therefore, circuit

des i gn is simplified as well as the ins tallation and -outing procedures. No
- special precautions are know n that will be necessary to route fiber optics in

high EMI areas .

Protection from contamination should be the same for fiber op tics technology
as for conventional wire. Some of the routing considerations are :

Do not route wires under or near tubing connections .

Route wiring at least three inches away from hydraulic lines .

Locate wiri ng at least six inches from fuel and oxygen lines . If this

spacing is impossible , a minimum separation of two i nches is allowable
provi ded both the wiri ng and lines are separa tely secured and clamped.

• Route wirin g so that electric termi nations will not occur adjacent to lines

carrying oxygen or flammable substances (to prevent arcing due to use of

service tools ).

• Do not route wiring near batteri es or under fluid lines (especially

connections), sumps , or pumps . If such routing cannot be avoided , adequate
protection must be provided against contamination.

• Fiber optic interconnects should avoid high moisture areas to reduce the
effects of microcrackin g .

Sensitive circui ts are those circuits wh i ch are susceptible to noise , cross-
tal ’- or other anomalies that can adversely affect performance . These circuits

inc i ude :

Sensitive circuits over 5 volts or over 1/2 ampere .

Ac and switche d dc power and control circuits.

RF power circuits .

Video and digita l power circuits .

• Pc and l ow-frequency signal circuits.

93

____ 1 - - ~~~
- 

~~~~~~~~~~~ - ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~~~~~

• - .



Video and digital-lo gic signal circuits .

• RF signal circuits .

These circuits require special routing considerations to nullify induced
noise. Al though fiber optics cannot replace all of the above funct ions ,

they can replace vi deo and digita l lines ,which would reduce desi gn costs and
the associated cost of special routing techniques .

A summary of the hazardous/sensitive areas that can benefit from the routin g

of fi ber optic interconnect is given in Table 0-1.

3.3 Routing in Various Airc raft Environments

The environments in which fiber optic interconnects are defined in MIL-E-5400P.

The major environmen ts are listed in Table D-2 along wi th the limi ts in which
the equi pment must operate . The worst case environments were chosen as a goal

for the utilization of fiber optics .

There are six major areas of an airplane in which routing of fiber optics
will take place . These areas are :

. Nose gear
Wheel gear Special wiri ng and moisture resistance (SWAMP)

Radome

Vertica l stabilizer

Wings and tail secti on (Leading/trailing edges)

Pressurized areas

Fuel areas (wings) and other hazardous areas

Engi ne and engine nacelle

These areas all have their own unique environmental conditions, all within
the limits specified in MIL-E-5400P. Many of the applications mentioned in
the previous section will be routed through these areas and it must be known
whether or not fiber optics can survive .
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A matrix of aircraft areas (including compos i te material structures) as a
function of environment is shown in Table 0-3. A comparison of each environ-
ment was made as a function aircraft location , comparing fiber optics to
conventional wirin g . In the matrix , a bene fit showed up a

C
s a (4 - ) ,  a drawback

or item requiri ng special routi ng considerations , was indicated by a ( - )  and
a blank meant that there was no advantage of one technology over another .
In most cases, fiber optics is shown to behave better than conventional wiri ng
mainly because of the absence of electrical current and the fact that the
glass has a hi gh transition temperature . The main drawback is that moisture
can i nduce cracking in fibers when the fiber is in a stressed condition

(such as at a bend radius).

Because the environmental conditions in which the interconnects must opera te
are know i and controlled by specifi cations , the major question to be resolved
is - can the individual components survive in the various aircraft locations
and environments ? This subject is addressed in the next section .

3.4 Component Selection

While the basic advantages to fiber optics as a technology are well known , the
detailed parameters of the components making up the fiber opti cs systems are

• generally either obscured in various vendor specifi cations or left out
completely.

The light output (optical power) of optical soi.~rces is a major parameter to
consider in any system des i gn . This parameter is quite sensitive to temperature
and aging effects and this sensitivity varies from type to type and from
manufacturer to manufacturer . The l ower power edge emitters and cell type
devices have a higher reliability record and are considerably less sensitive
to temperature .

• Injection lasers on the other hand are quite temperature sensitive , have a
narrow temperature operating band , and are still subject to sudden catastrophic
failure in seemi ngly well designed systems .
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Detectors used are of two genera l types: PIN and APD. The PIN type is quite
stable even being used as a reference standard for optical power measuremeflt,
while the APD , which may have from 100 to 600 times the PIN diode detection
sensitivity (gain), is plagued with extreme gain vs. temperature sensitivity

and a high noise figure at high gain settings. ~eliabi lity of both devices
is good.

Fiber optic connectors are being rapidly developed by many of the old line
connector companies as well as a few new ones. While parametric data on the
materials used in these connectors is available , the variati on in optical
parameters to be expected during mechani cal and environmen tal stress has not

• yet been documented so that operating life and performance degradation da ta
are vi rtually unknown . While fiber bundle connectors appear to he more for-
gi vi ng in terms of alignment tolerance , other characteristics such as high
i nsertion and connector loss may relegate bundle technology to that of a
1st generation technology only.

Fiber optics cable optical parameters are based primarily upon the materials
used for core and claddin g (in the case of step index fibers), but changes in
these parameters due to mechanical and environmenta l stresses are for the
most part not too wel l known although studies are in progress , particularly
wi th respect to radiation effects. Cold weather operation of some pla stic
clad silica fibers seens to be marginal , reportedly due to microbends caused
by IC differences in the core and cladding . Effects of shock and vibration
are particularly lacking and must be characteri zed before the full potential
of fiber optics can be exploited.

Table D-4 lists the main advantages and disadvantages of fiber optic components
plus an outlook for resolving the major problems . It is shown that the
limiting factors are not the cables but the electro-optic devices , which are
now very temperature sensitive. Improvements are expected to be made in all
areas so that fiber optics can be successfully utiliz ed in most military

• aircra ft applications by the mid-1980’s.
It
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3.5 General Routi ng Considerations

The major porti on of this report has deal t with the subject of what appl i cations
and in which locations can fiber optics be successfully u~ed. There are other
considerati ons, however, to the successful implementation of fiber optics in
an airframe. These cons i derations are discussed in this section .

3.5.1 Handling During Routing

During the installation process, the cable must be routed through conduit ,
bulkhea d fi ttings , and around bul khead groninets without damage. Damage could
occur due to tensile breakage , impact, bend stress , or scraping, or by
con tami nati ng the prepared contact surfaces.

The protection of the contact surfaces from contamination or scratches requires
capping of the connecto r if installed . Where the cable without connector must
be pulled through conduit or bulkheads , the contact ends must be protected
by covering each prepared surface wi th a lintfree cloth patch and tape or shrink
sleevings covering the entire cable end for stability . The cable pul l co rd
is the fastener as wi th a standard cable since the mechanica l strength of
the cable is as great as standard cabling .

Impact is more criti cal and , since i t s  unintentional , can be instal led without
detection . Only attention can prevent this type of damage L~’~~l~ C
construction of the cable types being used wi th s trength members provides protec-
tion from many minor impacts . Ins tallation within cables of standard electrical
wi ring further reduces the chance of such damage. Caution duri ng installation
and a post installati on continuity check are sufficient checks to assure adequate
ins tallation .

Bend stresses in fi ber optic cables can withstand the same bends that electrical
cables can. It is only at the ends where stress is concentrated . This is due
to connector terminati on or the pull through process. The protection provided
by the surface protection , or by the connector and backshel l hardware , is

sufficient to prevent such inadvertent damage .
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Scraping is seldom a problem , and since the j acket of fi ber optics cable does
not serve as a dielectric , only the integri ty of the strength members under the
jacket and the opti c member need be of concern . Exami nation of the cable and
continuity of the conducto r is necessary to determine that’ no damage has
occurred.

3.5.2 Ins tallation Hardware

The standard electrical hardware is designed to prevent dielectric damage to
electrica l wiri ng . Hardware is available for each of the airplane areas . If
the material strengths of the fiber optics cables are equivalent to the
electric cables insulation , then equal performance wil l  be obtained.

Additional ins tallation and field repair hardware will be identified in
subsequen t phases of this program.

3.5.3 Physical Damage Prevention

Like conventional wi re , fiber optics must use standard practice to prevent
physical damage in the routing . These general practi ces will include :

Route wi ring to avoid damage from being stepped on , being used as handholds
or support for equipment, and being dama ged from cargo s towage and shifting .

Where wi ring passes through cutouts or holes in structure , specify that
.25 inch minimum clearance be maintained . For applications using a clamp ,
gronnet, or adapter close to the cutout , .125 inch clearance is recommended ,
with the design minimur~ .06 inch . Allowance should be made for clamp
tolerances , possible movement due to acceleration or vibration , and for
rough handling duri ng installation and maintenance .

Provide sufficient clearance to prevent the chafing of wiri ng aga inst any
object in the maximum envelope of movement due to gravity , acceleration ,
or vibration .

. Route wi ring at least three inches away from control cables if possible .
If this cannot be done , specify the minimum allowable spacing on the
engineeri ng drawing ; specify rigid support of wiring and , if necessary ,
provide special mechanical or electrical protection between wiring and
control cables .
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3.5.4 Flight Vehicl e Routi ng

As wi th conventional wiring , fiber optic systems incorporating redundant
sys tens must be sepa ra ted to minimize the effects of fire , explosion , or

other damage which may ta ke a system out of service . Other critical systems
which should have separate bundl e routi ng include :

Electrical “Fly-By-Wire ” flight control systems

Automatic fl ight controls
. Stability augmentation
. Stabilizer trim control

• Electroexp losive devi ces

Engine controls

Fire detection

• Fire extinguishing

Fuel firewall valves

Hydraulic fluid cutoff valves

Special routing considerations for fl ight vehicle equi pment include :

Route wiri ng to the pilot’ s and copilot’ s flight instruments separately.

• Do not route interphone wiring in a bundle containing wires from other
systems except in the contro l columns . Service interphone wi ring may be
routed with passen ger address wiri ng . In wings and nacelles this wi ri ng
may be routed with low power dc circuits .

• Route wiring to the control panels on the pilot’ s control stand to permit
rearrangement of the panels without rewiring .

Sepa rate the generator control wires into individual bundles for each
generator. -

Do not route wiring in emergency exit cut in or cut out areas .

Route wiri ng in wheel wells and on landing gear to prevent damage from
rocks , ice, and mud . 
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3.5.5 Repairability

Rework of an electrical cable can result from system redesi gn , replacemen t of

• components , damage, or random failures of parts . Provision is made for rework

in both the component design and. the cable ins tallation for standard electri cal
cables . Contacts are removable from the connector to minimize replacement

cost. The contacts are fastened to the wire by solder or by crimping . All

of the steps can be accomplished with simp le , handhel d tools.

To perform the same functions on fiber optics cables , a more complica ted
process must be followed. In most cases, an epoxy glue is used to fasten the
contact to the fiber opti c conductor. The strength member must be fastened
to the connector as an extra step which is not required for standard wiring .
Some of the fiber optic connectors do not even have removable center contacts ,
requiring a “cut and throw ” process to replace the contact. The contact face
then must be polished or a clean face produced by fracturi ng , both procedures
requiring a special tool .

To be economical from a production and in-service rework viewpoint , the epoxy
step must be eliminated or speeded up, as wel l as Lhe fracture or polish step .
The strength member fastening could be made as rapid as fastening a shield to~
a standard connector , but, at least , the tool is handhel d , and so mi ght be
permi ssible.

Because this termination activity is more complex than standard wire , special
provisions must be made in the routing to allow adequate room and safety to
perform this function. Similar consideration should also be given to the
splicing of the fibers. Dedi cated splici ng areas should be defi ned in the
initial routing analysis in order to minimize the impact of fiber breakage

3 on the overall system avai lability .
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APPENDIX E
MANUFACTURING PROCESS FOR FIBER OPTIC INTERCONNECT SYSTEM ,

PRELIMINARY COST ANALYSIS REPORT

INTRODUCTION

The objec tive of this cos t analys i s effor t is to be ab le to iden ti fy

the associa ted fiber op t i c manufac tur i ng costs and then to determ i ne the

cos t of i ns pec ti ng and install i ng fi ber optic harnesses aboar d mi lita ry

a i rcraf t. Hi gh cost and beneficial cos t a reas wi l l  be identified , and

reconinended improvements in the manufa cturing process will be given. A

“cost of installation ” comparison wi l l  be made between standard electrical

wire ins tallation practices and those necessary for fiber optics .

COST SUMMARY

An impor tant assumption has been made that must be recognized as a

basis for the results of this life-cycle cost analysis. Material costs are

based on current vendor estimates but production set-up cost and other

engineerin g/manufacturing costs are based on a futuristic analysis and

prediction of a large production of fiber optic harnesses fabricated at a

rate typ ical of wire harnesses .

The overall results from Boein g ’s parametric cost model (PCM) indicate a

per system cost for this project ’s twenty-one systems at $7893 for technology

developments. Projecting these initial costs and manufacturing technology

concepts to a planning production cost base , the fiber optic harness cost

wil l be about $3620 , which is a reduction of more than half of the initial

technology development costs . Wire harness costs per system are about $4900 ,

which is a nine-percent increase over the optical fiber harness. Engineering

costs are reduced by 38 percent for the fiber optic harness and manufacturing

- • tI 

costs are reduced by 16 percent. Because of the high cost of the connectors ,
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fiber optic material costs have increased above wire material costs by

nearly 300 percent. With a reduction in connector costs , fiber optic

harness production costs wil l  be greatly reduced .

COST FACTORS

The cost information provided is based on a full scale production run

as well as actual incurred costs for a production of 20 harnesses . The cost

factors addressed include:

a) Material - cost data was collected , segregated , and analyzed for

the various types and quantities of materials availa ble for the harness

fabri cation . Unusual delivery schedules were taken into account as a factor

in main taining an orderly production yield. Similarly, electrical component

material costs were also collected for comparison purposes .

b) Production Set-up - the cost to provide assembly line production

operations for fabrication was determined . This included the required

production facilities space , tooling, and set-up labor hours .

c) Special Handling and Processing - automated , manual and special

handling techniques were evaluated for cost impact. Polishing and grinding

tools unique only to fiber optic bundle cable differ significantly from

conventional wi re terminations . Automated versus manual terminating

$ 
techniques and harnessing techniques were considered in this evaluation .

d) Assembly Installation Time - harness installation man—hours and

procedures established for electri cal harnessing have been compared to

estimated man-hours for fiber opt-ic harness installation . Actual labor

hours will be collected and evaluated during the future phases of this

project.

e) Quality Control - quality control labor hours and equipment cos ts

were identifi ed to test and evaluate the harnesses .
V i
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f) Manufacturin g - the manufacturing process flow for several wire

processes and a fiber optic process were identifed alon g with the

estimated labor hours .

g) Test Equipment - Costs were identified for current and proposed

required test equipment.

h) Other Additional Factors - other pertinent factors which affect

fiber optic harness costs and benefits include: operations , reliability

and maintainability predictions ; spares , repair parts , and inventory

estimates ; training costs and Options ; weight and size for shipping and

storage; manufacturing , installation and operation safety ; and special

routing advantages and handling fat ig ue fac tors.

Cost Analysis Description

T hi s cos t analys i s i ncludes ac qui stion cos t elemen ts i nvolve d i n pro-

ducing fiber optic harnesses in a modern production and manufact urin q

facility . It also includes ownership cost elements d~rived from applicable

historical data and from reliability and maintainability analysis.

Production set-up costs, the non—recurring costs , are based on the

assumption of a production facility which is of minima l scale for yielding

economy from advanced automa ted equipment and methods. Equipment costs

are based on quotes or es tima tes of purchase pric es or upon eng inee ri ng

estimates.

Manufac tur i ng cos ts , the recurring costs, relate primar i ly to the flow

of tasks and processes which generally dictate the big share of the cost of

a harness assembly.
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Production and manufacturing cost estima tes are based on a survey and

analysis of company experience in producing large and small quantities of

wi re harness assemblies for both military and comercial programs . Three

separate and distinctly different company production /manufacturing faci l i t ies

provide the primary base of experience . The approach is to correlate this

experience wi th similar tasks related to production/manufacturing of a fiber

optics harness assembl y and then to provide engineering estimates of unique

equipment , tasks or processes . These results are supported by harness

assembly cost model estimates and by g ross leve l cost fac tors es tabl ished

from direct experience on past and ongoing company programs .

Operation and support costs analyses are based on historical data on

the E-3A aircraft along with an extensive history on four Navy aircraft , the

S-3A , E-2C , P-3C and EC13OG and Q.

A reliab ility analysis of both the baseline wire harness assembly and

the fiber opt i cs assembl y prov id es the add ed information base appropriate

for prediction of fiber optic harness field reliability maintenance factors.

Policies of the using agency relative to inventory , spares , and repair parts

appears to be the domi nant factor affecting the supply and support cost

factors . Since the baseline harness assembly is , for an E—3A aircraft , the

policy for this aircraft was selected as a baseline in conjunction wi th

policies formulated in the A-7 ALOFT Project Technical Report NELC TR2024 ,

1998, 1982 and 1968. Some cost elements are also deri ved based on operational

efficiencies that could be realized for a fiber optic harness confi gured E-3A .
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V V V

MANUFACTURING DESIGN , DEVELOPMENT , TEST & EVALUATION COSTS

The Boe i ng ac qui sit ion cos t model , PCM , was exercised using finely

tuned i nputs esta bli she d from da ta and experience compiled on the baseline

wire harness assembly. The baseline wire harness assembly cost was

established by engineering and finance records which correlated very closely

and was verified by the Design-to-Life-Cycle Cost ( DTLCC ) cable assembly

model.

The baseline cable assembly was assumed to have been produced as part

of a matured large—quantity production process. Sin .e the fiber optic

assem bly PCM model run is referenced to the matured wire harness baseline ,

application of improvement curves to the fiber optics process should provide

reasonable prediction of matured production costs . In view of harness and

cable assembly experience-of the past and in view of- the strong improvement

potential offered by fiber optics , PCM mode runs were made using improvement

curve slopes of 85 and 90 percent. These technology developments costs are

broken down into more detail in table E-1.

log
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Table E—1

Fiber Optic Interconnect System Cost Estima tes

Cos t Element Cost Goal

Di rect Labor
Engineering $ 1,465
Developmental Elec. Mil. 508
Quality Assurance 34
Program Finance Controls

Tota l Direct Labor r~~217

Labor Overhead
Engineering 453
Manufacturi ng Elec . M u .  441
Quality Assurance 25
Program Contracts 567

Total Labor Overhead - $ 1,486

Travel 36

Other Direct Costs
- 

- Fringe Benefi ts 995
Freight-In 28
Product Liability Insurance 2

Sub Total (All of above) $ 4 ,728

General and Admi n. Expense
Products New Business 811

• Puget Sound 136
Total G&A $ 947

Direct Materials
Productior, l4ater ials $ 1,217

Washington State Taxes $ 89

$ 6

Total Estimated Cost $ 6 ,987

Profit 849

Total Price 7,836

CAS 414 Cost 57

Total Grand Price $ 7,893

Note: The above estimates were derived from proposal estimates’
• by extracting the stand-alone link enqineering costs and

then by factori ng other costs by 22 ( the tota l number of
harnesses to be produced under the current contract).
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PRODUCTION SET-UP COSTS

The most logical and practical approach for fiber optic harness production

set-up would, of course , be that of expanding capabilities of an existing

wire harness production faci l i ty . This approach may , however , lead to ex-

pansion of physical facilities through expansion into adjacent facilities ,

building onto existing facilities , completely relocating facilities , building

and locatin g within new facilities , etc. The situation may also exist where

the production demands on existing facil i t ies would warrant establishm ent

of a completely new and dist inctly separate faci l i ty within existing

facil i t ies , leased faci l i t ies , new faci l i t ies , etc.

EQUIPMENT REQUIREMENTS

The Ink Jet Marking System ofters cr i t ical benefits . Applicat i on of

this system would be basic if marking of individual fiber cables and wires

is required and if any significant leve l of production is anticipated .

• For quantities which approach medium production rate levels the Ewbanks

automatic stripping machine would be recommended for achieving labor

efficiency. The suitability of this machine for cutting the Keviar strength

member and associated jacket ma terial of the fiber cables would require

evaluation and probable modification. Assessment , adjustment and modific ation

would be required to assure that the fiber elements are not damaged.

The outs tanding domi nant fabrication cost element is the epoxy , dry ,

cure , grind , and polish process. Some conce pt and developmen t work has been

done towards an automa ted machine to effectively and efficiently accomplish

these tasks. The potential for high yields and efficiencies of fiber optic

harness production hinges largely on this type of a develo pment. A semi-

automatic approach pattern~’
1 af ter exist ing la bora tory techni ques is an
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alternate lower initial investment cost option. This option would be a likely

- 
V candidate in production support of a variety of production quantities in the

low to medium production rate categories . A third option would obviously be

that of a laboratory set-up such as presently exists in the fiber optics

laboratories .

In addition to the basic fixed position grind and polish equipment

referenced above , equipment and tools which are portable or can be easily

manipulated are required for epoxy , dry, cure , grind and polish operations

after the harness or cable has been formed .

In summary, production equipment and tool developments are needed to

achieve potentials offered by fiber optics. At least four basic options

are apparent at this point and a decision relative to the options to pursue

could have significant life-cycle-cost impact.

Facility Requirements

Basic facilities accommodations will consist of norma l lighting, ventila-

tion and heating with either normal height or raised ceilings. Air

conditioning would be required in the epoxy , dry and cure areas along with

possible exhaust ducts. Approximatel y six high voltage outlets need to be

provided. Some rough order-of-magnitude cost—estimating relationships for

faciliti es of the nature required are given below :

(1) - Refurbished Facility V

Without air conditioning — $45 .00  per sq.  f t .

Wi th air conditi oning - $60.00 per sq.  f t .

These refurbishments to include heat /ventilation/ lighting, standard

electrical outlets and air drops .
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(2) New Facil i ty

Wi thou t ~ui r conditioning - $90.00 per sq. ft.

With air conditioning - $100.00 per sq. ft.

A new facility would most likely require additional square footage

for support areas.

(3) Special Uti l i t ies

a. Large equipment/machine electrical connection - $1500

b. Air hook-ups $ 300

c. Water hook-ups $ 300

Tra i ni ng Requi remen ts

Two training courses are required . One course would be a 16 hour

familiarization level course which would present concepts and relationships

governing the application of fiber optics technology . This course would

also emphas i ze cr iti cal care , han dling, test and trouble shooting aspects of

rea l hardwa re and would exercise student knowledge through menta l and paper

exercises as well as through elementary tasks involving real hardware as

training devices . Some laboratory , manufacturing and test equipment would

also be demonstrated with student participation.

Th i s cou rse woul d be

designed for supervisors , engi neers , quality inspectors , and others whose

basic unders tanding is important to the evaluation and decision making

processes related to successful development and appli cation of f iber opt ics

technology. A second course would be a certif ication course designed for

manufacturing personnel and for developmenta l, test , and installation and

handling technicians . A 24 hour sess ion is recommended which would have

the same genera l content as the 16 hour course except with less emphasis
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and a more simplified approach relative to concepts and relationships governing

the applications of fi ber optics technology . This course would also have

greater emphasis appl ied to the critical care , handling , test and trouble-

shooting aspects and would make extensive use of hardware train i ng dev ices

for developing and verify ing student understanding and physical ski l ls.

Manufacturing Costs .

The manufacturing process flow manhours is the dominant facto r related

to manufacturing costs . The tasks and steps and related timelines for

the baseline wire harness assembly have been estimated by Finance and by

mechanical and industrial engineering specialists. Similar estima tes have

then been applied to a planned fiber optics harness assembly process with

the addition of unique steps and processes . It will be observed that the

epoxy/dry /cure/grind/polish task is the dominant cost factor. Efficiencies

therefore hinge to a large degree upon development of automated equipment

and expedient techniques. A l ist of ste ps and asso icate d labo r hours i s

presented in Table E-2.

Some estimates of fabrication costs of the fiber optic harnesses

utilized in the YC — 14 were made based on the assumption of a cost break-

down similar to this contract. That is , assume that the company which

fabricated the eight YC-14 fiber optic harnesses/cables did so as part

of a DOT&E effort which allocated 12 percent of the tota l cable cost to

fabrication. In this case $167 of the $1393.00 purchase price would be

allocated to fabrication. Further , assuming that technology advancements

and labor rates act to balance cost effects of fabrication , then this

would equate to approximately 5 manhours at a $34 per manhour manufacturing .
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The DTLCC cable assembly computer mode l estimated an average cost of

approx imately 8 manhours for each of eight equivalen t wire harnesses produced

on an improvement curve with a 90% slope .

The above resul ts sugges t that fiber opt i cs manufac turing and fa br i cation

ex peri ence of the pas t of fers eco nom ies a t l east comparable to w i re harness

V 
assemblies. It shoul d be observed that three assemblies were utilized on

two YC— 14 aircraft (six harnesses) wi th no failures in over 600 flight hours.

Each of the harnesses included four fiber cables and two connectors.
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Fiber Optic Harness Assembly

Cost Estimate
Manhours Goa l

1. Cut and Code 1.0

2. Fi ber Ends - Epoxy , Dry/Cure , Grind and Polish 2OX .33 6.6

3. Wire Ends - Strip and Crimp 12X .06 .7

4. First End Connector — (less than wire ) install pints .7

5. Form Board Layout and Tie 2.2

6. Jacket - Braid or Install 2.5

7. Fiber Ends - Cut , Epoxy , Dry/Cure , Grind and
Polish 2OX.33 6.6

8. Wire Ends - Strip and Crimp 12X .06 .7

9. Second End Connec tor - Install Pins .9

10. Labels / Patches/Tape .8

11. Test .3

12. Pack and Ship .3

TOTALS 23.3

TABLE E-2

Production Ma terials Costs

The materials costs for the fiber optics harness assembly and the wire harness

assembly are presented in tables E-3 and E-4 , respectively. These estimates of

single harness costs were established from vendor quotes .
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TABLE E-3

Fiber Optics Harness Assembly Ma ter i als Cos t Es ti mate

Ma terial Descr ipti on Quant i ty Cos t

1 - Connec tor MS3476 L24-19P ~~~~~~~ $1100

2 - Connector MS3476 L14-4P ~~~~~~

3 - Single fiber cable @ $1.5O/M 1OM 15

4 - Fiber bundle cable - 46 mil @ $1.75/M 16OM 280

5 - Wire - Twists pair M27500-22-MY—2400 @ $0.14/ft. 120 ft. 17

6 - E poxy - 5

7 - Braided Jacket/Patches/Tape , etc. V - -

I

TABLE E-4

W ire Harness Assemblies Materials Cost Estimate

Ma terial Description Quantity Cost

1 - Connector 27467T23B53P with adapter 1 41

2 - Connector 27467T15B35SA wi th adapter 2 44

3 - Connector 27467T 11B35S 4 109

4 - Wire , single conductor @ $0 .O65 /ft. 58

5 - Wire , twisted pair M27500-22- MY-24 00 @ 0.14/ft. 219 ft. 300

6 - Wire , twisted pair shielded @ 0.46/ft. 204 ft.”
7 - Braided wire shield

8 - Braided nylon j acket

9 - Patches/sleeving / tape
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I
Installation Cost Estimates

Estimate for the installation of a group of harness assemblies which

include the baseline wi re harness assembly during aircraft production is

approximately six hours . Since , during cable installation a group of

cables are installed at one time , the exact time lines for a single cable

are not traced. However, installation of the baseline harness by itself

would approach four to six hours and would tend toward four hours .

The estimation of removal and replacement of the baseline assembly is twenty-

six hours. Installation and removal and replacement estimates are roughly

proportional to the size and weight of the harness assemb ly. Hence , if the

fiber optics harness is 50% smaller and lighter then a potential savings

of 50% would be realizable.

Operations and Support Costs

A historical data base for estimating installation , ooeration , and

support costs for fiber optics harnesses has been found to be extremely

limi ted as is data for MTBF and MTTR estima tes. The experience record

of six fiber optic harnesses (four fiber bundles per harness) utilized

in the YC— 14 aircraft avionics system reflects zero failures in over

600 flight hours . A historical base for wi re harnesses in military and

comercial aircraft is also relatively limi ted. Wire harness failures

and maintenance actions are mostly recorded in a category too -general for

comparison purposes or else they are included in a category associated

with the system or subsystem of which they are a part. A search of

service history records on military aircraft uncovered some data on

fi ve aircraft . The lack of data suggested above is judged to be a proper 
V

policy to be exercised by the services in the interest of minimizing
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l i fe-cycle—costs . This conclusions is based on a judgement of costs

attrib uted to fa i lure and maintenance of harnesses and ca b les as compa red

to costs of maintaining detailed records .

Operat i onal Benef i ts

The E-3A aircraft which contains the baseline wire harness assembly of

interest con ta i ns app rox i ma tely 1000 wi re harnesses or ca b les at a we ight of

5685 pounds. The 5685 pounds of harnesses or cables has been categorized

as follows :

a. Power distribution systems - 2 ,929 pounds

b. Flight essential systems 262 pounds

c. Mission essential systems 2 ,358 pounds

d. Instruments 136 pounds

Total 5 ,685 pounds

For comparison and est imat ion purposes assume use of fiber optics

harnesses/cables for all applications except power distribution. Further

assume that a weight saving equivalent to the subject fiber optics harness

replacement for the baseline wi re harness is achieved . This would result in

a total weight savings of 1,378 pounds per aircraft. This weight savings

woul d most li kel y be rep lace d w ith jet fuel to i ncrease the sort ie length

by a factor of 1.167 X iO~~ hours /lb. a 0.16 hours (9.65 minutes) sortie

time length increase . This represents a 2.5%- increase in the average sortie

length .
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Relia bili ty Benefits

Fa i lure rates for the baseline wire harness assem bly we re calcula ted

from usin g the MIL-HDBK-217C reliabi lity handbook to yield a A = 0.273

- $ failures per io6 hours . Failure rates for the equivalent fiber opti cs

harness assembly were likewise calculated usin g the N1IL—HDBK-217C reliability

han dbook to yield a A = 0.2722 failures per 106 hours . The major assumptions

made relative to the fiber optics calculations include:

a. Connector reliability will be equivalent to wire harness connectors

b. The harness system wil l incorporate a single opto-electronic

isolator (emitter and detector combination)

c. The quality level of the isolator selected will be high (JANTXV)

d. The fiber end connections will be equivalent to a welded wire

end connection (this has a lower reliability than a crimped wire connection

but higher than a sol der connection)

Comparison of the above would yield the conclusion that wi re and f iber

optic harnesses have essentially the same failure rate .

Maintenance Costs

The following observations of the historica l data are significant relative

to maintenance anc supply considerations. These observations are made wi th

the recognition of equal reliability predictions for fiber nptics and wire

harnesses in mind.

a. Of 3,481 harness /cable failures only 161 or 4.6% required a removal

and replacement.

b. Of 161 harness /cable removals 104 or 64.6% were repairable while

57 or 35.4% were discarded .

c. A minimum of approxima tely 713 harness/cables are util ized on four

military aircraft which are contained in the historical files.
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d. Of 3,481 failures only 57 assemblies were nonrepairable or 1.6% .

In view of the relatively low rate of failure of wire harness/cable

assemblies and a correspondingl y low rate of nonrepairable assemblies, the

general spare s policy for the E— 3A aircraft has not included spare harness /
cable assemb lies. Spare parts and ma terials are maintained as standa rd

supply items by the Ai r  Force.

The spares parts and repair material cost estima tes are based on the

cos t formula outlined in NELC Technical report 1982 and the recommended

inventory replenishment factor.

Cost = ( Inventory replenishment factor)

X (Unit production cost)

X (Quantity of Equipment)

= (0.05) X ($3,619) X (1) = $181 per harness.

Inventory management costs are l ikewise est imated base d upon the cost
formula outlin ed in NELC Technical report 1982.

(Inventor y cos t management) =

(Number of new FSW i tems)
(Number of

I (FSN i tems cost) + (FSN i tem recurring cost) X years per -1
I -- ___________ _ _ _[ (Number of years per life cycle ) j

Inventory Cost Management =

(5) x L L~~LtL~PX)Lfi~~] = $638
L 20 J
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